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NEW   ROYAL   COMMISSION   ON  TUBERCULOSIS. 


Edward  R. 

Edward  the  Seventh,  by  the  Grace  o"  God  of  the  United  Kingdom  of 
Great  Britain  and  Ireland  King,  Defender  of  the  Faith,  To 

Our  Trusty  and  Well-beloved  Sir  Michael  Foster,  Knight  Commander 
of  Our  most  Honourable -Order  o"  the  Bath,  Doctor  of  Medicine,  Fellow  of 
the  Royal  Society,  Professor  of  Physiology  in  Our  University  of  Cambridge  ; 

Our  Trusty  and  Well-beloved  German  Sims  Woodhead,  Esquire,  Doctor 
of  Medicine,  Professor  of  Pathology  in  Our  University  of  Cambridge  ; 

Our  Trusty  and  Well-beloved  .Sidney  Harris  Cox  Ma  tin,  Esquire, 
Doctor  of  Medicine,  Fellow  of  the  Royal  Society,  Professor  o'i  Pathology  at 
University  College,  London  ; 

Our  Trusty  and  Well-beloved  John  McFadyeax,  Es  juire,  Principal 
and  Professor  of  Comparative  Pathologj  and  Bacteriology  at  the  Royal 
Veterinary  College  ;  And 

Our  Trusty  and  Well-beloved  Hubert  William  Boyce,  Esquire, 
Professor  of  Pathology  at  University  College,  Liverpool. 


Greeting  : 

Whereas  We  have  deemed  it  expedient  that  a  Commission  should 
forthwith  issue  to  inquire  and  report  with  respect  to  Tuberculosis  :— 

1.  Whether  the  disease  in  animals  and  man  is  one  and  the  same  ; 

2.  Whether  animals  and  man  can  be  reciprocally  infected  with  it  ; 

3.  Under  what  conditions,  if  at  all,  the  transmission  of  the  disease 

from  animals  to  man  takes  place,  and  what  are  the  circum- 
stances favourable  or  unfavourable  to  such  transmission. 

Now  know  ye,  that  We,  reposing  great  trust  and  confidence  in  your 
knowledge  and  ability,  have  authorised  and  appointed,  and  do  by  these 
presents  authorise  and  appoint  you,  the  said  Sir  Michael  Foster,  German 
Sims  Woodhead,  Sidney  Harris  Cox  Martin,  John  McFadyean,  and 
Rubert  William  Boyce,  to  be  Our  Commissioners  for  the  purposes  of  the 
said  inquiry. 

And  for  the  better  effecting  the  purposes  of  this  Our  Commission  We  do 
by  these  Presents  give  and  grant  unto  you,  or  any  three  or  more  of  you,  full 
power  to  call  before  you  such  persons  as  you  shall  judge  likely  to  afford  you 
any  information  upon  the  subject  of  this  Our  Commission  ;  and  also  to  call  for 
have  access  to  and  examine  all  such  books,  documents,  registers  and  records, 
as  may  afford  you  the  fullest  information  on  the  subject,  and  to  inquire  of 
and  concerning  the  premises  by  all  other  lawful  ways  and  means  whatsoever. 

And  We  do  by  these'  Presents  authorise  and  empower  you,  or  any 
three  or  more  of  you,  to  visit  and  personally  inspect  such  places  as  you  may 
deem  it  expedient  so  to  inspect  for  the  more  effectual  carrying  out  of  the 
purposes  aforesaid. 
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And  We  do  further  by  these  Presents  will  and  ordain  that  this  Our 
Commission  shall  continue  in  full  force  and  virtue,  and  that  you,  Our  said 
Commissioners,  or  any  three  or  more  of  you,  may  from  time  to  time  proceed 
in  the  execution  thereof,  and  of  every  matter  and  thing  therein  contained, 
although  the  same  be  not  continued  from  time  to  time  by  adjournment. 

And  We  do  further  ordain  that  you,  or  any  three  or  more  of  you,  have 
liberty  to  report  your  proceedings  under  this  Our  Commission  from  time  to 
time  if  you  shall  judge  it  expedient  so  to  do. 

And  Our  further  Will  and  Pleasure  is  that  you  do,  with  as  little  delay 
as  possible,  report  to  Us  under  your  hands  and  seals,  or  under  the  hands 
and  seals  of  any  three  or  more  of  you,  your  opinion  upon  the  matters  herein 
submitted  for  your  consideration. 

Given  at  Our  Court  at  Saint  James's  the  Thirty-first  day 
of  August  1901  ;  in  the  first  Year  of  Our  Reign. 

By  His  Majesty's  Command. 


CHARLES  RITCHIE. 
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To  The  King's  Most  Excellent  Majesty. 

May  it  please  your  Majesty, 

We,  your  Majesty's  Commissioners,  appointed  to  inquire  and  report  with 
respect  to  tuberculosis  : — 

1.  Whether  the  disease  in  animals  and  man  is  one  and  the  same ; 

'2.  Whether  animals  and  man  can  be  reciprocally  infected  with  it ; 

3.  Under  what  conditions,  if  at  all.  the  transmission  of  the  disease 
from  animals  to  man  takes  place,  and  what  are  the  circumstances 
favourable  or  unfavourable  to  such  transmission  ; 

humbly  submit  this  Report  on  the  progress  which  we  have  made  in  the 
inquiry. 

The  greater  part  of  the  above  reference  is  directed  to  the  view  which  had 
been  expressed  that  the  bacillus  which  gives  rise  to  tuberculosis  in  the  bovine 
animal  is  specifically  distinct  from  the  bacillus  which  gives  rise  to  tuberculosis 
in  the  human  being,  and  that  therefore  the  presence  of  the  bovine  bacillus 
in  the  milk  or  flesh  of  the  cow,  consumed  as  food  by  man,  is  not  to  be  regarded 
as  a  cause  of  tuberculosis  in  the  latter.  To  this  point  we  first  turned  our 
attention. 

After  duly  considering  the  matter,  we  came  to  the  conclusion  that  it 
would  be  desirable  not  to  begin  the  inquiry  by  taking  evidence,  that  is  to 
say,  by  collecting  the  opinions  of  others  (though  this  might  be  desirable  at  a 
later  stage),  but  to  attack  the  problem  laid  before  us  by  conducting  experi- 
mental investigations  of  our  own. 

The  first  line  of  inquiry  upon  which  we  entered  may  be  stated  as 
follows  : — 

What  are  the  effects  produced  by  introducing  into  the  body  of  the  bovine 
animal  (calf,  heifer,  cow),  either  through  the  alimentary  canal  as  food,  or 
directly  into  the  tissues  by  subcutaneous  or  other  injection,  tuberculous 
material  of  human  origin,  i.e.,  material  containing  living  tubercle  bacilli 
obtained  from  various  cases  of  tuberculous  disease  in  human  beings:,  and 
how  far  do  these  effects  resemble  or  differ  from  the  effects  produced  by 
introducing  into  the  bovine  animal,  under  conditions  as  similar  as  possible, 
tuberculous  material  of  bovine  origin,  i.e.,  material  containing  living  tubercle 
bacilli  obtained  from  cases  of  tuberculous  disease  in  the  cow,  calf,  or  ox  ? 

We  have  up  to  the  present  made  use,  in  the  above  inquiry,  of  more  than 
twenty  different  'strains'  of  tuberculous  material  of  human  origin,  that  is  to 
say,  of  material  taken  from  more  than  twenty  cases  of  tuberculous  disease  in 
human  beings,  including  sputum  from  phthisical  patients  and  the  diseased 
parts  of  the  lungs  in  pulmonary  tuberculosis,  mesenteric  glands  in  primary 
abdominal  tuberculosis,  tuberculous  bronchial  and  cervical  glands,  and 
tuberculous  joints.  We  have  compared  the  effects  produced  by  these 
with  the  effects  produced  by  several  different  strains  of  tuberculous  material 
of  bovine  origin. 
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In  the  case  of  seven  of  the  above  strains  of  human  origin,  the  introduction 
of  the  human  tuberculous  material  into  cattle  gave  rise  at  once  to  acute 
tuberculosis,  with  the  development  of  widespread  disease  in  various  organs 
of  the  body,  such  as  the  lungs,  spleen,  liver,  lymphatic  glands,  etc.  In  some 
instances  the  disease  was  of  remarkable  severity. 

In  the  case  of  the  remaining  strains,  the  bovine  animal  into  which  the 
tuberculous  material  was  first  introduced  was  affected  to  a  less  extent.  The 
tuberculous  disease  was  either  limited  to  the  spot  where  the  material  was 
introduced  (this  occurred,  however,  in  two  instances  only,  and  these  at  the 
very  beginning  of  our  inquiry),  or  spread  to  a  variable  extent  from  the  seat 
of  inoculation  along  the  lymphatic  glands,  with,  at  most,  the  appearance  of  a 
very  small  amount  of  tubercle  in  such  organs  as  the  lungs  and  spleen.  Yet 
tuberculous  material  taken  from  the  bovine  animal  thus  affected,  and 
introduced  successively  into  other  bovine  animals,  or  into  guinea-pigs  from 
which  bovine  animals  were  subsequently  inoculated,  has,  up  to  the  present, 
in  the  case  of  five  of  these  remaining  strains,  ultimately  given  rise  in  the 
bovine  animal  to  general  tuberculosis  of  an  intense  character  ;  and  we  are 
still  carrying  out  observations  in  this  direction. 

We  have  very  carefully  compared  the  disease  thus  set  up  in  the  bovine 
animal  by  material  of  human  origin  with  that  set  up  in  the  bovine  animal  by 
material  of  bovine  origin,  and  so  far  we  have  found  the  one,  both  in  its  broad 
general  features  and  in  its  finer  histological  details,  to  be  identical  with  the 
other.  We  have  so  far  failed  to  discover  any  character  by  which  we  could 
distinguish  the  one  from  the  other ;  and  our  records  contain  accounts  of  the 
post-mortem  examinations  of  bovine  animals  infected  with  tuberculous 
material  of  human  origin,  which  might  be  used  as  typical  descriptions  of 
ordinary  bovine  tuberculosis. 

The  results  which  we  have  thus  obtained  are  so  striking,  that  we  have  felt 
it  our  duty  to  make  them  known,  without  further  delay,  in  the  present 
Interim  Report. 

We  defer  to  a  further  Report  all  narration  of  the  details  of  our  experiments 
(and  we  may  say  that  up  to  the  present  time  we  have  made  use  of  more  than 
two  hundred  bovine  animals),  as  well  as  all  discussions,  including  those  deal- 
ing with  the  influence  of  dose  and  of  individual  as  well  as  racial  susceptibility, 
with  questions  of  the  specific  virulence  of  the  different  strains  of  bacilli,  with 
the  relative  activity  of  cultures  of  bacilli  and  of  emulsions  of  tuberculous 
organs  and  tissues,  and  with  other  points.  In  that  Report  we  shall  deal 
fully  with  all  these  matters,  as  well  as  with  the  question  why  our  results 
differ  from  those  of  some  other  observers. 

Meanwhile  we  have  thought  it  our  duty  to  make  this  short  Interim 
Report,  for  the  reason  that  the  result  at  which  we  have  arrived,  namely,  that 
tubercle  of  human  origin  can  give  rise  in  the  bovine  animal  to  tuberculosis 
identical  with  ordinary  bovine  tuberculosis,  seems  to  us  to  show  quite  clearly 
that  it  would  be  most  unwise  to  frame  or  modify  legislative  measures  in  accord- 
ance with  the  view  that  human  and  bovine  tubercle  bacilli  are  specifically 
different  from  each  other,  and  that  the  disease  caused  by  the  one  is  a 
wholly  different  thing  from  the  disease  caused  by  the  other. 

In  conclusion  we  desire  to  express  in  the  strongest  terms  our  appreciation 
of  the  most  generous  assistance  given  to  the  Commission  by  Sir  James 
Blyth,  who  has  placed  unreservedly  at  our  disposal  his  farm  buildings  and 
other  accommodation  at  Stansted.  By  his  action  not  only  has  the  .Nation 
been  saved  a  very  large  necessary  expenditure,  but  we  have  been  able,  by 
the  help  of  the  admirable  arrangements  made  for  us,  to  carry  out  our 


investigations  in  a  manner  which  would  have  been  impossible  had  the 
accommodation  and  equipment  for  our  enquiry  been  provided  entirely  at  the 
public  cost. 

And  we  wish  also  to  thank  our  Secretary,  Dr.  E.  J.  Steegmann,  and  our 
observers,  Drs.  Louis  Cobbett,  A.  Stanley  Griffith,  Eastwood,  and  Hutchens, 
as  well  as  the  rest  of  our  Staff,  for  the  able  services  which  they  have 
untiringly  rendered  to  us. 


(Signed)       M,  FOSTER,  Chairman. 

G.  SIMS  WOODHEAD. 
SIDNEY  MARTIN. 
J.  M<  FADYEAN. 
HUBERT  BOYCE, 


Elv.'ard  J.  Stee  mann,  Secretary. 
16th  May  1904. 
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NEW  ROYAL  COMMISSION  ON  TUBERCULOSIS. 


Edward  R. 

Edward  the  Seventh,  by  the  Grace  of  God  of  the  United  Kingdom  of 
Great  Britain  and  Ireland  King,  Defender  of  the  Faith,  To 

Our  Trusty  and  Well-beloved  Sir  Michael  Foster,  Knight  Commander 
of  Our  most  Honourable  Order  of  the  Bath,  Doctir  of  Medicine,  Fellow  of  the 
Royal  Society,  Professor  of  Physiology  in  Our  University  of  Cambridge  ; 

Our  Trusty  and  Well-beloved  German  Sims  Woodhead,  Esquire,  Doctor 
of  Medicine,  Professor  of  Pathology  in  Our  University  of  Cambridge  ; 

Our  Trusty  and  Well-beloved  Sidney  Harris  Cox  Martin,  Esquire, 
Doctor  of  Medicine,  Fellow  of  the  Royal  Society,  Professor  of  Pathology  at 
University  College,  London  ; 

Our  Trusty  and  Well-beloved  John  McFadyean,  Esquire,  Principal  and 
Professor  of  Comparative  Pathology  and  Bacteriology  at  the  Royal  Veterinary 
College  ;  And 

Our  Trusty  and  Well-beloved  Rubert  William  Boyce,  Esquire, 
Professor  of  Pathology  at  University  College,  Liverpool. 


Greeting  : 

Whereas  We  have  deemed  it  expedient  that  a  Commission  should  forth- 
with issue  to  inquire  and  report  with  respect  to  Tuberculosis  : — 

1.  '  Whether  the  disease  in  animals  and  man  is  one  and  the  same  ; 

2.  Whether  animals  and  man  can  be  reciprocally  infected  with  it: 

3.  Under  what  conditions,  if  at  all,  the  transmission  of  the  disease 
from  animals  to  man  takes  place,  and  what  are  the  circum- 
stances favourable  or  unfavourable  to  such  transmission. 

Now  know  ye,  that  We,  reposing  great  trust  and  confidence  in  your  know- 
ledge and  ability,  have  authorised  and  appointed,  and  do  by  these  presents 
authorise  and  appoint  you,  the  said  Sir  Michael  Foster,  German  Sims  Woodhead, 
Sidney  Harris  Cox  Martin,  John  McFadyean,  and  Rubert  William  Boyce,  to  be 
Our  Commissioners  for  the  purposes  of  the  said  inquiry. 

And  for  the  better  effecting  the  purposes  of  this  Our  Commission  We  do  by 
these  Presents  give  and  grant  unt  3  you,  or  any  three  or  more  of  you,  full  p  jwer 
to  call  before  you  such  persons  as  you  shall  judge  likely  to  afford  you  any 
information  upon  the  subject  of  this  Our  Commission  ;  and  also  to  call  for,  have 
access  to,  and  examine  all  such  books,  documents,  registers,  and  records  as 
may  afford  you  the  fullest  information  on  the  subject,  and  to  inquire  of  and 
concerning  the  premises  by  all  other  lawful  ways  and  means  whatsoever. 

And  We  do  by  these  Presents  authorise  and  empower  you,  or  any  three 
or  more  of  you,  to  visit  and  personally  inspect  such  places  as  you  may  deem  it 
expedient  so  to  inspect  for  the  more  effectual  carrying  out  of  the  purposes 
aforesaid. 
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And  We  do  further  by  these  Presents  will  and  ordain  that  this  Our 
Commission  shall  continue  in  full  force  and  virtue,  and  that  you,  Our  said 
Commissioners,  or  any  three  or  more  of  you,  may  from  time  to  time  proceed  in 
the  execution  thereof,  and  of  every  matter  and  thing  therein  contained,  although 
the  same  be  not  continued  from  time  to  time  by  adjournment. 

And  We  do  further  ordain  that  you,  or  any  three  or  more  of  you,  have 
liberty  to  report  your  proceedings  under  this  Our  Commission  from  time  to 
time  if  you  shall  judge  it  expedient  so  to  do. 

And  Our  further  Will  and  Pleasure  is  that  you  do,  with  as  little  delay  as- 
possible,  report  to  Us  under  your  hands  and  seals,  or  under  the  hands  and  seals 
of  any  three  or  more  of  you,  your  opinion  upon  the  matters  herein  submitted 
for  your  consideration. 

Given  at  Our  Court  at  Saint  James's  the  Thirty-first 
day  of  August,  1901  ;  in  the  first  Year  of  Our  Reign. 

By  His  Majesty's  Command. 

CHARLES  RITCHIE. 


To  The  King's  Most  Excellent  Majesty. 
May  it  please  your  Majesty, 

We,  your  Majesty's  Commissioners,  appointed  to  inquire  and  report  with 
respect  to  tuberculosis  : — 

1.  Whether  the  disease  in  animals  and  man  is  one  and  the  same  ; 

2.  Whether  animals  and  man  can  be  reciprocally  infected  with  it ; 

3.  Under  what  conditions,  if  at  all,  the  transmission  of  the  disease 
from  animals  to  man  takes  place,  and  what  are  the  circumstances 
favourable  or  unfavourable  to  such  transmission  ; 

humbly  submit  the  following  Further  Report  containing  a  detailed  account 
of  the  results  very  briefly  stated  in  the  Interim  Report  which  we  had 
the  honour  to  submit  to  Your  Majesty  in  May,  1904,  and  of  the  progress 
which  has  since  been  made  in  the  inquiry. 

From  the  brief  historical  sketch  which  we  have  given  it  will  be  seen  that 
the  term  "  tuberculosis  "  means  the  changes  taking  place  in  the  animal  body 
when  it  is  invaded  by  the  organism  called  the  "  tubercle  bacillus."  Hence 
the  problem  placed  before  us  by  the  first  term  of  our  reference,  namely,  "  whether 
the  disease  in  animals  and  man  is  one  and  the  same,"  may  be  stated  in  the 
following  form. 

The  tubercle  bacillus  is  an  organism  capable  of  living,  not  only  within, 
but  also  outside  the  animal  body  ;  it  may  be  cultivated  on  various  artificial 
media.  Like  other  organisms  it  exhibits  certain  morphological  characters 
which  may  be  observed  by  means  of  the  microscope  ;  it  grows  and  multiplies 
in  certain  ways  ;  and  it  possesses  certain  physiological  properties,  through 
which  it  acts  upon,  and  is  acted  upon  by,  its  environment,  whether  that 
environment  be  a  living  animal  body  or  a  lifeless  artificial  medium. 

To  determine  therefore  whether  tuberculosis  in  man  is  one  and  the  same 
as  tuberculosis  in  animals  other  than  man,  we  have  to  inquire  not  only  whether 
the  changes  wrought  in  the  human  body  by  the  tubercle  bacillus  are  one  and 
the  same  as  those  wrought  in  the  bodies  of  animals  other  than  man,  but  also 
whether  in  all  respects,  in  its  microscopical,  cultural,  and  other  physiological 
characters,  the  tubercle  bacillus  which  causes  tuberculosis  in  man  is  one 
and  the  same  as  the  tubercle  bacillus  which  causes  tuberculosis  in  animals  other 
than  man.  For  it  is  known  on  the  one  hand  that  pathological  changes 
apparently  one  and  the  same  may  be  brought  about  by  different  micro- 
organisms, and  on  the  other  hand  that  micro-organisms  behaving  apparently 
in  one  and  the  same  way  outside  a  living  body  may,  when  introduced  into  a 
living  body,  bring  about  changes  which  are  not  one  and  the  same.  We  have 
accordingly  to  study  and  compare  the  pathological  changes  characteristic  of 
tuberculosis  in  man  and  of  tuberculosis  in  animals  other  than  man,  and  to 
study  and  compare  the  morphological,  cultural,  and  other  features  of  the 
tubercle  bacillus  which  bring  about  these  changes  in  the  one  and  in  the  others. 

Tuberculosis  occurs  in  many  if  not  all  of  our  domesticated  mammals,  in  the 
ox,  pig,  horse,  sheep,  cat,  dog,  and  others.  It  has  also  been  observed  in 
many  wild  mammals,  the  monkey  for  instance,  when  kept  in  captivity.  A 
disease,  called  avian  tuberculosis,  is  known  to  occur  in  certain  birds  ;  and 
reptiles  have  been  described  as  suffering  from  tuberculosis.  Hence  the  phrase 
tuberculosis  in  "  animals  other  than  man  "  opens  up  a  very  wide  field  of 
inquiry.  We  have,  however,  in  the  first  instance,  thought  it  desirable  to 
study  the  subject  in  its  relation  to  tuberculosis  occurring  in  bovine  animals, 
since  this  part  of  the  whole  problem  is  of  the  more  pressing  practical  import- 
ance.   We  shall  consider  tuberculosis  in  other  animals  afterwards. 
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In  attempting  to  decide  whether  tuberculosis  in  the  bovine  animal  is  "  one 
and  the  same  "  as  tuberculosis  in  man  we  have,  in  accordance  with  what  was 
said  above,  to  inquire  whether  the  bacillus  of  bovine  tuberculosis  is  identical  in 
its  microscopical,  cultural,  and  other  characters  with  the  bacillus  of  human 
tuberculosis,  and  whether  the  pathological  changes  brought  about  in  a  living 
body  by  the  one  are  identical  with  those  brought  about  by  the  other.  The  latter 
inquiry  has  led  us  to  introduce  the  bacillus  of  human  tuberculosis  into  the  bovine 
body,  and  to  compare  the  changes  set  up  by  that  introduction  with  the  changes 
set  up  in  the  bovine  body  by  the  bacillus  of  bovine  tuberculosis.  In  making 
this  comparison,  we  have  found  it  necessary  not  to  trust  merely  to  such  cases 
of  bovine  tuberculosis  arising  naturally  as  might  come  within  our  knowledge, 
but  to  introduce  artificially  the  bacillus  of  bovine  tuberculosis  into  healthy 
bovine  animals.  Indeed,  in  this  way  only  could  we  make  exact  comparisons 
between  the  two  cases. 

We  have  therefore  been  led  to  carry  on  two  parallel  investigations,  an 
investigation  into  the  effects  produced  in  the  bovine  body  by  the  introduction 
of  the  bacillus  of  human  tuberculosis,  and  an  investigation  into  the  effects 
produced  in  the  bovine  body  by  the  introduction  under  similar  conditions  of 
tbe  bacillus  of  bovine  tuberculosis. 

These  two  parallel  investigations  have  been  carried  on  at  two  separate 
establishments,  Walpole  Farm  and  Blythwood  Farm,  placed  at  our  disposal 
by  the  generosity  of  Sir  James  Blyth.  The  two  farms  are  more  than  a  mile 
apart,  and  every  care  has  been  taken  to  keep  the  work  carried  on  at  the  one 
farm  so  distinct  from  that  carried  on  at  the  other  as  to  preclude  all  possibility 
of  the  one  being  infected  from  the  other.  A  detailed  description  of  the  two 
establishments  and  a  general  account  of  the  procedure  which  we  have  adopted 
in  our  inquiries  will  be  found  in  the  Introduction. 

We  have  had  constantly  in  mind,  and  have  done  our  best  to  avoid,  errors 
which  might  be  introduced  on  the  one  hand  by  the  occurrence  of  spontaneous 
tuberculosis  in  the  animals  used  for  experiments,  and,  on  the  other  hand,  by 
contamination  taking  place  in  the  course  of  an  experiment;  and  we  have 
rigidly  excluded  all  experiments  in  which  any  suspicion  arose  of  the  one 
or  of  the  other.  By  making  use  chiefly  of  Jersey  cattle,  which  are 
remarkably  free  from  tuberculosis,  we  have  been  able  to  reduce  to  a  minimum 
errors  arising  from  spontaneous  tuberculosis  in  bovines ;  and,  in  addition,  each 
animal  was  tested  with  tuberculin  before  being  used.  In  the  case  of 
monkeys  the  risk  of  error  from  spontaneous  tuberculosis  was  much  greater, 
and  we  have  had  to  exclude  several  experiments  in  which  there  was  reason  to 
suppose  that  the  tuberculosis  found  was  not  artificially  produced.  In  the  Appendix 
will  be  found  an  account  of  the  few  cases  of  spontaneous  tuberculosis  which 
we  met  with  in  the  rabbits,  guinea-pigs,  and  other  animals  obtained  for  the 
purpose  of  experiments,  and  of  the  cases,  occurring  in  various  animals,  which 
we  have  excluded  by  reason  of  the  possibility  of  contamination  having  in 
some  way  or  other  taken  place  in  the  course  of  the  experiments. 

It  will  be  convenient  to  give  first  an  account  of  the  conclusions  to  which  we 
have  been  led  by  our  studies  of  bovine  tuberculosis. 


BOVINE  TUBERCULOSIS. 

2.  We  have  made  use,  up  to  the  present  time,  of  tuberculous  lesions  from 
thirty  cases  of  tuberculosis  occurring  naturally  in  the  ox;  to  these  we  refer 
individually  by  number,  calling  them  B.  I,  to  XXX. 

The  tubercle  bacillus  was  introduced  into  the  animal  used  for  experiment 
in  the  form  either  of  an  emulsion  of  tuberculous  lesions,  or  of  a  culture  grown  on 
an  artificial  medium  and  suspended  in  innocuous  fluid.  In  five  of  the  viruses 
we  have  made  use  both  of  emulsion  and  of  culture  from  the  same  lesions,  and 
have  been  able  to  compare  the  results  of  the  two. 

For  the  experiments  on  bovine  animals  we  have  in-  the  great  majority 
of  cases,  as  stated  above,  used  Jersey  calves,  varying  in  age  from  three  weeks  to 
four  or  five  months  ;  but  we  have  also  at  times  used  adult-  animals  of  the  same 
breed,  and  also  animals  of  the  shorthorn  breed.  The  results  which  we  are 
about  to  describe  must  be  understood  as  obtained  with  Jersey  calves  unless' 
the  contrary  is  stated. '  — . 
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The  Effects  of  Introducing  the  Bacillus  of  Bovine  Tuberculosis  into 

the  Body  of  the  Bovine  Animal. 

3.  We  have  adopted  two  chief  methods  of  introduction :  (1)  Feeding,  (2)  In- 
jection into  the  tissues.  We  considered  the  desirability  of  making  use  of  a  third 
method,  viz.,  the  introduction  of  the  bacillus  into  the  lungs  by  the  air  passages  ; 
but  decided  not  to  adopt  this  method,  at  least  in  the  first  instance. 

Injection  into  the  tissues  we  carried  out  in  three  ways :  (a)  subcutaneous- 
injection — the  injection  with  a  syringe  of  the  emulsion  or  culture  into  the  con- 
nective tissue  beneath  the  skin,  the  place  chosen  for  injection  being,  in  nearly 
all  cases,  the  side  of  the  neck,  and  generally  the  left  side  ;  (b)  intravenous  in- 
jection— the  injection  with  a  syringe  of  the  emulsion  or  culture  into  the  interior 
of  a  vein  (nearly  always  the  jugular  vein)  and  so  into  the  blood  stream  ;  (c)  in- 
tramammary injection — the  injection  with  a  syringe  of  the  emulsion  or  culture 
through  the  teat  canals  into  the  milk  cisterns. 

We  were  led  by  our  experience  to  adopt  the  subcutaneous  method  as  our  main 
method.  We  employed  the  intravenous  and  the  intramammary  methods  for 
special  objects  only. 

We  will  describe  first  the  results  obtained  by  subcutaneous  injection,  with 
the  accompanying  results  of  intravenous  and  intramammary  injection,  treating 
separately  afterwards  the  results  of  feeding. 


The  Effects  of  Subcutaneous  Injections. 

4.  In  some  cases  the  effects  of  the  injection  of  the  bacillus  are  very  severe. 
We  may  briefly  describe  as  follows  what  may  be  called  the  full  effects. 

At  or  near  the  seat  of  injection  (in  the  neck)  a  swelling  of  varying  size  and 
increasing  with  varying  rapidity  makes  its  appearance.  This  may  remain 
firm  and  hard  to  the  end,  or,  especially  when  cultures  are  used,  may  form  in  the 
interior  a  cavity  containing  serous  fluid ;  this  in  some  cases  discharges  externally. 
The  changes  thus  brought  about  we  speak  of  as  the  "  local  lesion  ;  "  this  may 
attain  very  considerable  dimensions.  Very  soon  after  the  injection  the  nearest 
lymphatic  gland  to  the  seat  of  injection,  namely,  the  prescapular,  may  be  felt 
from  the  outside  to  be  enlarged  ;  the  enlargement  progresses  with  varying 
rapidity,  and  a  tumour  of  very  large  dimensions  may  be  formed.  A  similar  enlarge- 
ment of  the  prepectoral  lymphatic  gland  may  similarly  be  recognised  by  "touch. 

Very  soon,  about  the  twelfth  day,  the  temperature  rises  and  the  animal 
becomes  ill.  It  loses  flesh,  respiratory  troubles  often  make  their  appearance, 
and  within  a  period  varying  from  about  twenty  to  fifty  days  the  animal  dies 
or  is  so  ill  that  it  has  to  be  killed. 

A  post-mortem  examination  discloses  the  following.  The  local  lesion  is 
a  mass  of  caseous  tubercle,  infiltrating  the  adjoining  skin  and  muscles,  and 
sometimes  forming  an  abscess.  The  prescapular  gland  is  a  mass  of  caseous 
tubercle  as  is  also  the  prepectoral  gland,  and  as  are  also  to  a  less  but  variable 
extent  the  thoracic  and  mediastinal  glands.  Tubercles  more  or  less  caseous 
are  found  in  very  many,  sometimes  in  all,  the  other  lymphatic  glands.  The 
lungs,  spleen,  liver,  and  also  the  kidneys  are  studded  with  tubercles,  many  of 
them  caseous.  Tubercles  are  found  in  the  pleura,  on  the  omentum,  on  the 
peritoneal  surface,  and  in  the  intestinal  walls. 

The  result  then  of  the  subcutaneous  injection  (into  the  neck)  of  an  ade- 
quate number  of  bacilli  is  an  acute  generalised  progressive  tuberculosis,,  ending 
fatally  within  a  few  weeks.  The  tuberculous  lesions  are  first  obvious  in  the 
local  lesion  ;  the  infection  appears  to  proceed  by  way  of  the  lymphatics  .to 
the  nearest  lymphatic  glands,  the  prescapular  and  prepectoral,  and  to  advance- 
thence  to  the  thoracic  and  mediastinal  glands.  Our  experiments  show  'that,, 
with  large  doses  given  subcutaneously,  tubercle  bacilli  are  found  at  an.  early 
period  (within  twenty-four  hours)  in  the  blood  stream;  they  are  thus 'carried 
to  all  paits  of  the  body  and  set  up  a  widely  distributed  disease.         .  ..  ; 

5.  In  other  cases  the  effects  of  the  injection  of  the  bacillus  are  different.  * 
The  local  lesion,  never  very  large  and  always  circumscribed,  after-  a 1  while 
diminishes.    The  prescapular  gland,  after  enlarging  somewhat,  diminishes  again. 
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The  animal  may  have  a  rise  of  temperature,  and  some  disturbance  of  health  ; 
but  these  pass  away,  the  animal  increases  in  weight,  and  seems  quite  well. 

When  the  animal,  thus  apparently  in  good  health,  is  killed,  an  examinatior; 
of  the  body  discloses  the  following.  The  local  lesion  is  a  circumscribed 
mass  of  tuberculous  tissue  ;  but  this  is  largely  calcareous  and  otherwise 
presents  features  shewing  that  the  lesion  is  in  a  retrogressive  condition.  The 
prescapular  gland  may  also  show  tuberculous  lesions,  but  these  also  are  retrogressive 
and  usually  calcareous.  In  some  cases  no  further  disease  is  found  in  the  rest 
of  the  body,  but  in  other  cases  small  or  even  minute  tubercles  may  be  found  in 
the  lungs  or  other  organs  ;  these  tubercles,  however,  are  often  largely  calcareous, 
and  in  all  cases  have  undergone  marked  retrogressive  change.  Obviously  in 
such  cases  the  injection  of  the  tubercle  bacilli  does  set  up  tuberculous  processes 
at  the  seat  of  injection,  the  disease  spreading  thence  to  the  nearest  lymphatic 
glands,  and  small  foci  of  tubercle  are  started  in  various  parts  of  the  body. 
But  in  the  local  lesion  and  elsewhere  the  tuberculous  processes,  instead  of,  as 
in  the  other  cases,  progressing  rapidly,  are  soon  arrested  ;  the  action  of  the 
bacilli  is  met  and  overcome  by  the  action  of  the  tissues  ;  the  disease  retrogresses 
and  tends  to  disappear. 

Between  these  two  extreme  cases,  that  of  the  rapidly  fatal  widespread  pro- 
gressive tuberculosis  and  that  of  the  scanty  tuberculosis  soon  retrogressing 
and  not  permanently  injuring  the  health  of  animal,  various  intermediate  stages 
have  been  observed  by  us.  The  mischief  set  up  may  be  widespread  and  may 
progress  to  such  an  extent  as  to  affect  seriously  the  health  of  the  animal,  but 
after  a  while  it  retrogresses  and  the  animal  apparently  recovers  its  health.  We 
need  not,  however,  dwell  now  on  these  cases,  the  details  of  which  will  be  found 
in  the  Appendix.  What  we  chiefly  desire  to  point  out  now  is  that  the  bovine 
bacillus  may,  when  injected  subcutaneously,  give  rise  either  to  a  general  pro- 
gressive or  to  a  limited  retrogressive  tuberculosis.  As  we  shall  see,  bacilli  from 
the  same  source  may  give  rise  to  the  one  result  in  one  animal  and  to  the  other 
in  another. 

6.  Whether  the  one  result  or  the  other  is  obtained  depends,  in  the  first 
instance,  on  the  dose — that  is  to  say,  on  the  number  of  bacilli  injected.  This 
is  seen  clearly  in  the  cases  in  which  the  bacillus  was  injected  in  the  form  of 
culture. 

Of  20  different  viruses  which  were  tested  on  bovine  animals,  18  in  doses 
of  50  mgrs.  of  culture  always-''  produced  a  fatal  generalised  progressive  tuber- 
culosis, whether  the  culture  was  obtained  from  the  original  material  or  had 
been  passed  through  other  animals,  whether  the  culture  was  a  primary  one 
or  had  been  subcultured  through  several  generations,  and  though  the  age  of  the 
culture  varied  from  71  to  1,002  days.  In  the  case  of  5  out  of  the  20  viruses 
doses  of  10  mgrs.  were  used  ;  the  result  was  in  the  case  of  each  virus,  though  not 
of  each  animal,  a  generalised  progressive  tuberculosis.  In  a  number  of  other 
experiments  with  one  or  other  of  the  same  viruses,  in  one  instance  25  mgrs.,  in 
another  12*5  mgrs.,  in  four  instances  10  mgrs.,  and  in  one  instance  5  mgrs., 
produced  a  similar  generalised  progressive  tuberculosis. 

But  when,  in  two  instances,  a  dose  of  0*02  mgrs.  and  of  0*01  mgrs.  was 
used  the  result  was  in  each  case  a  limited  retrogressive  tuberculosis. 

The  results  obtained  by  the  injection  of  emulsions  were  much  more  varied 
{see  Dr.  Martin's  Memorandum).  As  a  rule  emulsions  are  much  more  effective 
than  cultures.  Thus,  with  one  exception  (Calf  160,  Virus  B.  II.),  the  number  of 
bacilli  injected  in  the  form  of  emulsions  (so  far  as  could  be  ascertained)  was  far 
below  that  contained  in  0-01  milligramme  of  culture,  which  is  probably  about 
50,000,000  ;  yet,  in  some  cases,  these  smaller  doses  gave  rise  to  a  generalised  pro- 
gressive tuberculosis  equal  in  intensity  to  that  produced  by  50  milligrammes  of 
culture.  In  other  cases,  however,  similar  doses  gave  rise  merely  to  a  limited 
retrogressive  tuberculosis,  and  in  yet  other  cases  to  tuberculosis  of  intermediate 
grades  more  or  less  general,  and  more  or  less  retrogressive.  Certain  conditions 
seem  to  exist  in  cultures  and  in  emulsions,  which  determine  that  the  same  number 
of  bacilli  are  much  more  effective  in  the  latter  than  in  the  former,  and  more 
effective  in  some  of  the  latter  than  in  others.  In  spite,  however,  of  the  influence 
of  these  conditions  (the  nature  of  which  we  need  not  attempt  to  discuss  here) 

*  In  one  animal,  Calf  240,  Virus  B.  VI.,  the  disease,  though  generalised,  was  not  fatal 
within  tbe  90  (days)  period  of  observation. 


we  are  able  to  recognise  that  in  emulsions,  as  in  cultures,  the  larger  dose  produces 
the  greater  effect. 

One  other  condition  besides  dose  determining  the  result  deserves  notice. 

Two  calves  (130  and  124)  each  received,  in  the  form  of  an  emulsion,  the 
same  estimated  dose  (9,000  bacilli)  of  the  same  emulsion  of  Virus  I.  Yet  Calf 
124  died  of  general  progressive  tuberculosis,  while  Calf  130,  killed  in  apparent 
good  health,  showed  only  a  very  limited  retrogressive  tuberculosis.  Not  only 
with  emulsions  from  bovine  sources,  but  also  with  those  from  human  sources, 
and  with  cultures  also  when  doses  smaller  than  50  mgrs.  were  given,  we  have 
found  similar  striking  differences  between  the  effects  of  the  same  dose  of  the 
same  material  on  two  animals  of  about  the  same  age  and  weight,  and  apparently 
in  the  same  condition  of  health. 

The  effect  produced  in  a  tissue  of  a  living  animal  by  the  lodgment  of  a  group 
of  tubercle  bacilli  is  the  result  of  a  combat  between  the  pathogenic  energies 
of  the  bacilli,  and  what  has  been  called  the  "  resistance  "  of  the  tissues.  Ac- 
cording as  the  one  or  the  other  is  the  stronger,  a  tubcic  ilosis  more  or  less  pro- 
gressive is  set  up,  or  a  tuberculosis  after  being  set  up  retrogresses  with  greater 
or  less  rapidity,  or  no  tuberculosis  at  all  is  set  up.  We  are  led  to  the  conclusion 
that  in  the  case  of  the  calves  just  mentioned,  while  the  pathogenic  energies  of  the 
bacilli  injected  were  the  same,  in  the  two  cases,  the  powers  of  resistance  of 
Calf  130  were  far  greater  than  those  of  Calf  124  ;  and  so  in  other  cases. 

7.  The  results  above  mentioned  were  obtained  on  calves.  We  have  also 
made  observations  (see  Dr.  Martin's  Memorandum)  on  the  effects  of  the  bovine 
bacillus  on  adult  animals.  Making  every  allowance  for  the  difficulties  just 
stated  attending  the  quantitative  estimation  of  the  pathogenic  powers  of  a  dose 
of  bacilli,  our  results  show  that  on  the  whole  the  same  dose  of  bacilli  produces 
less  effect  on  an  adult  animal  than  on  a  young  calf.  This  result  we  may  explain 
as  due  to  the  powers  of  resistance  of  the  tissues  increasing  with  age.  We  have 
made  a  few  observations  on  animals  of  a  breed  other  than  the  Jersey  on  which  all 
the  observations  referred  to  above  were  made.  These  are,  however,  at  present 
too  few  to  permit  us  to  draw  any  conclusions  as  to  the  influence  of  breed  on  the 
powers  of  resistance. 

8.  Each  of  the  twenty-one  bovine  viruses  injected  subcutaneously,  when 
the  dose  was  adequate,  produced  the  full  effect  of  generalised  progressive 
tuberculosis  ;  using  here,  and  subsequently  in  this  Report,  the  term  "  virulence  " 
to   denote    quantitatively  the  power  to    produce  tuberculous   lesions,  we 
may  say  that  each  of  them  possessed  a  high  degree  of  "virulence."  The 
question  naturally  arises,  were  they  all  equally  virulent  or  was  one  more  virulent 
than  another,  that  is  to  say,  did  the  same  dose  of  bacilli  produce  in  the 
case  of  one  virus  pathogenic  effects  greater  than  those  produced  in  the  case  of 
another  virus  ?    We  cannot  at  present  give  a  definite  answer  to  this  question. 
It  is  true  that  when  50  mgrs.  of  culture  are  used,  we  can  find  no  striking  differences 
between  the  several  viruses.     But  50  mgrs.  is  an  enormous  dose  and  must 
override  differences  which,  even  if  they  exist,  cannot  be  expected  to  be  very 
great.     We  have  at  present  no  series  of  completed  observations  which  will 
enable  us  rightly  to  determine  virulence  quantitatively  ;  but  we  are  making 
observations  directed  to  this  point,  and  hope  to  be  able  to  come  to  a  conclusion 
later  on. 

The  Hffects  of  Intravenous  and  Intra  mammary  Injections. 

9.  With  intravenous  injection,  the  bacilli  thrown  into  the  venous  system 
are  at  once  carried  to  the  lungs,  where  a  certain  large  proportion  ofthem  are 
arrested  ;  the  remainder  are  distributed  over  the  body.  This  method  of 
injection,  though  useful  for  certain  special  purposes,  as  will  be  seen  when  we 
come  to  discuss  the  effects  of  tubercle  bacilli  derived  from  a  human  source,  did  not 
appear  to  us  so  generally  advantageous  as  the  method  of  subcutaneous  injection, 
and  in  studying  the  effects  of  bovine  tubercle  bacilli  we  have  made  very  little 
use  of  it. 

We  have,  however,  several  times  injected  both  emulsions  and  cultures  into 
the  udder,  introducing  the  material  through  the  teat  canals  into  two  quarters  of 
the  udder  and  leaving  two  quarters  for  comparison.  The  most  striking  facts 
observed  are  as  follows  : — 
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A  very  large  amount  of  tuberculous  disease  may  be  set  up  in  the  injected 
quarters  of  the  udder  and  yet  the  disease  may  not  spread  to  the  other  quarters 
or  into  the  body  beyond  the  supramammary  lymphatic  gland  connected  with 
the  injected  quarters.  In  such  cases  the  disease  may  after  a  while  retrogress 
or  may  lead  to  the  death  of  the  animal,  apparently  owing  to  poisonous  (toxic) 
substances  being  absorbed  from  the  affected  udder. 

In  other  cases  the  disease  may  spread  to  the  uninjected  quarters,  and  over 
the  body  generally,  causing  death  by  general  progressive  tuberculosis. 

The  cows  thus  affected  with  tuberculosis  of  the  udder  have  been  utilised  in 
obtaining  tuberculous  milk  for  experiments. 


The  Effects  of  Feeding'  Calves  with  the  Bacillus  of  Bovine  Tuberculosis. 


10.  In  each  of  six  cows  whose  udders  had  been  made  tuberculous  byintra- 
mammary  injection  the  calves  were  allowed  to  suck  for  varying  periods,  beginning 
the  day  after,  or  a  few  days  after  the  injection.  The  number  of  bacilli  ingested 
could  not,  of  course,  be  determined.  In  one  case  only  was  general  tuberculosis 
produced.  In  all  the  other  five  calves  killed  after  being  kept  alive  from  74  to 
363  days  the  tuberculosis  was  for  the  most  part  limited  to  the  intestines  and 
mesenteric  glands,  a  few  nodules  in  some  cases  being  found  in  the  ileo-coecal, 
portal,  or  other  glands,  and  in  the  liver  or  other  internal  organs ;  the  lesions 
had  the  retrogressive  character  of  being  calcareous. 

Fourteen  calves,  varying  in  age  from  three-and-a-half  weeks  to  two  months, 
were  fed  with  tuberculous  milk,  six  from  one  source,  eight  from  another,  the 
number  of  bacilli  thus  ingested  varying  from  one  to  ten  millions  and  the  ex- 
periments taking  from  thirty-six  to  a  hundred  and  twenty-seven  days.  None 
of  these  calves  showed  when  killed  anything  more  than  tuberculosis  limited 
to  the  intestine  and  to  the  mesenteric  or  ileo-colic  glands  ;  in  one  case  tuberculous 
lesions  were  found  in  the  pharyngeal  glands  only. 

These  cases  show  that  feeding  with  the  bacillus  of  bovine  tuberculosis 
does  not  so  readily  set  up  general  progressive  tuberculosis  in  the  calf  as  does 
inoculation. 

Assuming  that  some  only,  and  possibly  few  only,  of  the  bacilli 
entering  the  mouth  were  absorbed  by  the  intestine  (or  from  the  pharynx),  we 
may  attribute  the  smallness  of  the  effect  to  the  smallness  of  the  dose  actually 
effective.  The  results  of  feeding  might  then  be  considered  as  parallel  to  the 
effects  of  the  subcutaneous  injection  of  very  small  doses.  Yet  the  calves  which 
sucked  their  tuberculous  mothers  for  many  days  probably  ingested  no  incon- 
siderable number  of  bacilli  (though  the  exact  number  is  unknown)  without 
producing,  save  in  one  case  only,  anything  more  than  a  limited  and  retrogressive 
tuberculosis. 


The  Effects  produced  by  the  Bacillus  of  Bovine  Tuberculosis 

in  Animals  other  than  Bovines.  1  .  _  j 

Guinea-Pigs.  ■  -  -  f 

11.  Inoculation. — In  these  animals  an  exceedingly  small  dose  of  bovine 
tubercle  bacilli  injected  subcutaneously  or  intraperitoneally  readily  produced 
generalised  progressive  tuberculosis.  Indeed,  as  is  well  known,  this  animal  can 
be  safely  used  in  this  way  as  a  test  for  the  presence  of  the  tubercle  bacillus 
when  this  cannot  be  found  by  microscopic  search. 

Feeding. — Generalised  progressive  tuberculosis  was  also  readily  produced 
bv  feeding,  though  the  result  was  not  so  certain  as  when  the  method  of  inocu- 
lation  was  used.  L  J 

Rabbits. 

12.  Inoculation.— The  bacillus  of  bovine  tuberculosis,_  in  the_  form  either 
of  culture  or  emulsion,  when  injected  subcutaneously,  intraperitoneally,  ^  or 
intravenously,  always  produced  a  generalised  progressive  tuberculosis,  and  that 
even  when  given  in  a  very  small  dose. 

Feeding. — Generalised  progressive  tuberculosis  was  also  set  up  in  the  rabbit 
by  feeding,  though  not  so  readily  as  in  the  case  of  the  guinea-pig. 
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Pigs. 

13.  Inoculation. — Our  observations  show  that  generalised  progressive 
tuberculosis  may  readily  be  set  up  in  the  pig  by  the  subcutaneous  injection 
of  even  an  exceedingly  small  dose  of  bovine  tubercle  bacilli.  It  was,  in  one  case, 
produced  by  the  injection  of  an  emulsion  containing  so  few  bacilli  that  these 
could  not  be  detected  by  miscroscopic  search. 

Feeling. — Pigs  were  also  very  readily  made  tuberculous  by  feeding.  Thu% 
even  so  small  a  dose  as  0-1  milligramme  of  culture  produced  generalised 
progressive  tuberculosis  (Pig  108),  and  a  quantity  of  milk  from  a  tuberculous 
udder  containing  not  more  than  10,000  bacilli  produced  in  each  of  two  animals 
tuberculous  disease  in  the  mesenteric  and  ileo-colic  glands  (Pigs  58,  60). 

These  animals,  especially  when  young,  are  extremely  susceptible  to  the 
bacillus  of  bovine  tuberculosis. 

Goats. 

14.  Inoculation. — Subcutaneous  injection  of  the  bacillus  of  bovine  tubercu- 
losis, either  as  emulsion  or  as  culture,  produced  generalised  progressive  tuber- 
culosis, fatal  when  the  dose  was  large,  but  not  fatal  with  smaller  doses. 

Feeding. — Though  a  generalised  progressive  tuberculosis  was  sometimes 
produced  by  feeding,  the  result  was  at  other  times  a  tuberculosis  limited  for 
the  most  part  to  the  mesenteric  and  adjoining  glands. 

Dogs. 

15.  Inoculation. — The  few  observations  which  we  have  made  show  that  in 
these  animals  generalised  progressive  tuberculosis  may  be  set  up  by  the  intra- 
peritoneal injection  of  the  bacillus  of  bovine  tuberculosis;  subcutaneous  injection 
had  a  very  limited  effect. 

Feeding. — Feeding  with  the  bacillus  generally  produced  not  more  than  a 
tuberculosis  limited  to  the  mesenteric  or  adjoining  glands,  though  with  very 
young  animals  the  result  was  occasionally  a  generalised  tuberculosis. 

Cats. 

16.  Inoculation. — Our  experiments  on  these  animals  show  that  generalised 
progressive  tuberculosis  may  be  set  up  in  them  by  the  subcutaneous  or 
intraperitoneal  injection  of  the  bacillus  of  bovine  tuberculosis,  and  that  this 
occurs  more  readily  than  with  dogs.  When  kittens  were  employed  the 
generalised  progressive  tuberculosis  set  up  was  characterised  by  the  presence 
■of  an  enormous  number  of  bacilli  widely  disseminated  over  the  body. 

Feeding. —  With  adult  cats  the  results  were  very  similar  to  those  obtaine  .l 
with  dogs. 

Rats. 

17.  Inoculation. — The  effects  of  the  subcutaneous  or  ln^rap  eritoneal  in- 
jection of  the  bacillus  of  bovine  tuberculosis,  either  as  emulsion  or  culture,  into 
these  animals  are  peculiar.  With  small  or  moderate  doses,  and  in  some  cases 
even  with  large  doses,  the  animals  may  seem  not  to  be  affected,  and  when  killed 
show  no  tuberculous  lesions  at  all,  or  at  most  very  few,  and  these  extremely 
limitel.  In  some  cases,  in  which  the  dose  was  a  very  large  one,  the  animal  did 
die,  but  did  not  exhibit  the  legions  of  gensralised  progressive  tuberculosis. 
Tubercle  bacilli  were  abundant  in  the  tissues  (and  were  found  also  in  the  blool), 
but  were  unable  to  give  rise  to  the  tissue  changes  which  constitute  tuberculous 
lesions.  In  the  non-fatal  cases  also  bacilli  were  found  in  abundance  in  the  tissues. 
It  would  seem  that  in  this  animal  the  tubercle  bacillus,  when  introduced, 
can  readily  miltiply,  but  cannot  give  rise  to  tuberculous  tissue  changes. 
When  present,  however,  in  sufficient  quantity,  the  bacillus  can  bring  about 
physiological  changes  resulting  in  the  death  of  the  animal. 

We  have  not  made  any  large  number  of  observations  on  mice  ;  but  the  e 
animals  appear  to  resemble  rats  in  their  reactions  to  the  bovine  bacillus. 

Feeding. — In  none  of  twenty-six  rats,  fed  largely  for  some  time  on 
tuberculous  milk  or  tuberculous  organs,  were  definite  tuberculous  lesions  found. 
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Monkeys. 

18.  The  animals  used  were  either  Ehesus  monkeys  (Macacus  Rhesus)  or 
Baboons  (Papio  porcarius),  or  Lemurs.  As  stated  in  §  1,  we  have  taken 
every  care  that  every  monkey  operated  on  should  if  possible  be  free  from 
tuberculosis,  and  we  have  further  rigorously  excluded  the  cases  in  which  there 
could  be  any  doubt  as  to  whether  the  tuberculosis  found  after  death  was 
really  due  to  the  bacilli  administered. 

Inoculation. — We  have  produced  generalised  progressive  tuberculosis  by 
the  subcutaneous  (and  also  by  intravenous)  injection  of  the  bacillus  of  bovine 
tuberculosis  in  the  form  of  emulsion  and  of  culture.  In  one  of  these  cases 
(Monkey  142),  a  fatal  generalised  progressive  tuberculosis  was  produced  by  so 
small  a  dose  as  O'OOl  mgr.  of  culture  subcutaneously  injected. 

Feeding. — Not  only  was  generalised  progressive  tuberculosis  produced  in 
Ehesus  monkeys  by  feeding  them  with  large,  though  undetermined,  doses  of 
bacilli  given  as  tuberculous  milk,  but  the  same  result  was  obtained  by  feeding 
with  a  single  small  dose,  namely,  1  mgr.  of  culture. 

We  have  also  produced  generalised  progressive  tuberculosis  in  Baboons 
by  feeding  with  tubercle  bacilli.  This  result  was  readily  obtained  with  1  mgr.  of 
culture,  and  in  two  cases  occurred  with  the  small  dose  of  one  million  bacilli 
given  as  tuberculous  milk. 

In  the  case  of  two  Lemurs  progressive  tuberculosis  resulted  from  feeding 
with  1  mgr.  of  culture. 

Anthropoid  Apes. 

19.  Inoculation. — A  chimpanzee  received  by  subcutaneous  injection  1  mgr. 
of  culture  of  Virus  B.  IV.,  and  died  in  fifty-five  days  of  generalised  progressive 
tuberculosis.  The  result  was  so  clear  and  decided  that  it  did  not  seem  necessary 
to  repeat  any  injection  experiments. 

Feeding. — A  chimpanzee  (6)  was  fed  for  a  week  with  tuberculous  milk,  the 
number  of  bacilli  given  being  estimated  roughly  to  be  about  100  millions.  It 
was  killed  when  very  ill,  100  days  later,  and  showed  generalised  progressive 
tuberculosis;  the  intestines  and  associated  glands  were  tuberculous,  and  there 
were  also  tubercles  in  the  lungs,  thoracic  glands,  spleen,  and  kidneys. 

Another  chimpanzee  (8)  received  10  million  bacilli,  tuberculous  milk 
being  the  medium.  It  died  144  days  afterwards,  with  tuberculous  ulceration 
of  the  intestines,  and  caseous  or  caseo-calcareous  lesions  in  the  mesenteric  and 
mesocolic  glands.    The  tuberculosis  was,  therefore,  limited. 

A  third  chimpanzee  (2)  received  1  mgr.  of  a  culture  of  Virus  B.  IV.  It  died 
in  fifty-six  days  of  generalised  progressive  tuberculosis  with  miliary  tubercles  in 
the  lungs. 

A  fourth  chimpanzee  (14)  received  1*1  mgr.  of  a  culture  of  Virus  B.  IX.  It 
died  in  63  days  of  generalised  progressive  tuberculosis,  the  intestines  and  mesen- 
teric glands  being  very  severely  affected. 

It  is  clear  that  the  bacillus  of  bovine  tuberculosis  will,  either  by  feeding  or 
by  inoculation,  produce,  in  even  a  small  dose,  generalised  progressive 
tuberculosis  in  the  anthropoid  ape,  an  animal  so  nearly  related  to  man. 


Summary  of  the  Effects  of  the  Bacillus  of  Bovine  Tuberculosis. 

20.  The  results  thus  obtained  by  the  study  of  the  effects  of  the  bacillus  of 
bovine  tuberculosis  may  be  summarised  as  follows. 

The  bacillus  of  bovine  tuberculosis  introduced  subcutaneously  into  the 
body  of  a  bovine  animal  as  an  "  emulsion  "  or  as  a  "  culture  "  may  produce 
(1)  a  fatal  generalised  progressive  tuberculosis;  or  (2)  a  limited  retrogressive 
tuberculosis  ;  or  (3)  effects  intermediate  between  the  above  two. 

One  factor  determining  the  amount  of  disease  produced  is  the  dose,  that  is 
to  say,  the  number  of  bacilli  injected,  the  larger  number  producing  the  greater 
effect.  But  in  some  instances  the  same  quantity  of  the  same  emulsion  or 
culture,  presumably  containing  about  the  same  number  of  bacilli,  injected  in 
the  same  way  into  two  animals  of  about  the  same  size  and  age,  produced  in 
one  animal  a  much  greater  effect  than  in  the  other.     This  we  attribute  to  the 
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former  animal  being  more  "susceptible  "  to  the  bacillus,  the  tissues  having  less 
power  of  "  resistance  "  than  in  the  latter  animal.  Hence  it  is  not  the  absolute 
dose,  the  absolute  number  of  bacilli,  which  supplies  a  determining  factor,  but 
the  dose  in  relation  to  the  susceptibility  of  the  animal. 

Again,  the  effects  of  emulsions  are  consistently  greater  than  are  those  of  cul- 
tures estimated  to  contain  the  same  number  of  bacilli.  Certain  conditions  obtain 
either  in  the  bacilli  themselves  or  in  the  medium  in  the  midst  of  which  the  bacilli 
are  living  whether  in  a  culture  or  in  an  emulsion ;  and  these  bring  it  about  that 
the  same  number  of  bacilli  are  more  effective  in  the  one  case  than  in  the  other. 

It  will  be  understood,  therefore,  that  we  are  not  in  a  position  to  state 
absolutely  what  is  the  minimum  dose  which  will  produce  a  rapidly  fata] 
generalised  progressive  tuberculosis  in  the  bovine  animal  when  injected  sub- 
cutaneously.  We  have  no  means  of  quantitatively  appreciating  the  other 
determining  factors.  Our  results  show  that  with  each  of  the  strains 
examined,  50  mgrs.  of  culture,  roughly  calculated  to  contain  between 
200,000  and  250,000  million  bacilli,  always  produce  the  above  fatal  results. 
Such  a  dose  overrides  everything.  A  dose  of  10  mgrs.  culture,  i.e.,  40,000 
to  50,000  million  bacilli,  is  often  fatal  but  not  always ;  this  dose  seems 
to  leave  room  for  the  play  of  individual  susceptibility.  And  the  smallest  dose 
of  culture,  5  mgrs.,  which  led  to  fatal  progressive  tuberculosis  was  calculated 
to  contain  20,000  to  25,000  million  bacilli,  while  the  smallest  determined  effective 
dose  of  emulsion  contained  only  5,500  bacilli. 

In  striking  contrast  to  the  ease  with  which,  an  adequate  dose  being  used, 
a  rapidly  fatal  progressive  tuberculosis  is  set  up  in  the  bovine  body  by 
tubercle  bacilli  subcutaneously  injected,  is  the  difficulty  of  producing  the 
same  result  by  feeding. 

Turning  now  to  the  effect  on  animals  other  than  bovine,  our  results  show 
that  the  bacillus  of  bovine  tuberculosis  introduced  either  by  injection  or  by  feeding 
can  set  up  general  progressive  tuberculosis  in  guinea-pigs,  rabbits,  pigs,  goats, 
cats,  dogs,  and  monkeys  ;  and  the  list  might  probably  be  much  extended.  It 
can  undoubtedly  produce  its  full  effects  on  animals  other  than  bovine,  though 
more  readily  on  some  kinds  than  on  others. 

The  question  naturally  presents  itself: — Is  the  bacillus  of  bovine  tuberculosis 
as  effective  on  these  other  animals  as  it  is  on  the  bovine  animal  ?  Now  it  is 
difficult  to  compare  exactly  the  effects  produced  in  one  kind  with  those  pro- 
duced in  another  kind  of  animal.  Where  the  two  kinds  differ  widely  in  size 
we  may  affect  an  exactitude  by  using  for  comparison  a  unit  of  body  weight, 
comparing,  for  instance,  the  effects  of  so  many  bacilli  per  kilo,  of  body 
weight ;  but  such  an  exactitude  is  probably  illusory.  And  in  any  case 
the  conclusions  arrived  at  on  the  point  in  question  can  only  be  approximate. 
The  results  which  we  have  obtained  do,  however,  point  very  strongly 
to  the  conclusion  that  the  bacillus  of  bovine  tuberculosis  is  not  only  as 
effective  but  even  more  effective  in  causing  tuberculosis  in  some  of  the 
above  animals  than  in  the  bovine  animal  itself.  The  fact  that  very  few  bacilli, 
though  we  do  not  know  the  exact  limit  of  paucity,  introduced  subcutaneously  into 
the  body  of  a  guinea-pig  will  so  certainly  produce  generalised  tuberculosis  that 
the  experiment  may  be  trusted  to  test  the  presence  of  the  bacillus,  while  many 
thousands  at  least  are  needed  to  ensure  the  same  result  in  the  bovine  animal, 
cannot  be  explained  by  the  mere  difference  in  size  between  the  two  kinds  of 
animals.  We  are  driven  to  the  conclusion  that  the  guinea-pig  is  more  susceptible 
to  bovine  tuberculosis  than  is  the  bovine  animal  itself.  And  this  conclusion  is 
supported  by  the  fact  that  the  bacillus  of  bovine  tuberculosis  given  to  the  guinea- 
pig  by  the  mouth,  usually  or  at  least  often  produced  generalised  tuberculosis  even 
though  the  dose  was  small,  whereas  in  the  bovine  animal  feeding  with  even 
relatively  large  quantities  produced  as  a  rule  only  a  limited  local  tuberculosis. 
Again,  the  difference  in  size  between  a  pig  and  a  calf  is  quite  insufficient  to  ex- 
plain the  facts  that  general  tuberculosis  is  much  more  readily  produced  by 
feeding  and  that,  in  subcutaneous  injection,  a  much  smaller  dose  gives  rise  to 
generalised  tuberculosis  in  the  former  than  in  the  latter.  A  similar  conclusion 
may  be  drawn  from  the  results  obtained  with  monkeys.  All  these  three  kinds 
of  animals— guinea-pigs,  pigs,  and  monkeys — seem  to  be  more  susceptible  to 
the  action  of  the  bacillus  of  bovine  tuberculosis  than  is  the  bovine  animal  itself. 

The  bacillus  of  bovine  tuberculosis  is  not  so  constituted  as  to  act  on  bovine 
tissues  only,  for  it  can  give  rise  to  tuberculosis  in  many  animals  other  than  bovine  ; 
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it  is  not  even  so  constituted  as  to  act  on  bovine  tissues  with  a  special  energy, 
for  it  can  give  rise  to  tuberculosis  in  some  other  animals  as  readily  as,  or  even 
more  readily  than,  in  bovine  animals  themselves.  We  call  it  the  bacillus  of 
bovine  tuberculosis  merely  because  we  find  it  most  frequently  in  the  bovine  body, 
it  being  the  cause  of  bovine  tuberculosis. 

The  fact  that  the  bacillus  of  bovine  tuberculosis  can  readily  by  feeding 
as  well  as  by  subcutaneous  injection  give  rise  to  generalised  tuberculosis  in 
the  anthropoid  ape,  so  nearly  related  to  man,  and  indeed  seems,  so  far  as  our 
few  experiments  go,  to  produce  this  result  more  readily  than  in  the  bovine 
body  itself,  has  an  importance  so  obvious  that  it  need  not  be  dwelt  upon. 

HUMAN  TUBERCULOSIS. 

21.  We  have  studied  the  nature  of  the  tuberculous  material  obtained 
from  a  large  number  (now  amounting  to  sixty)  of  cases  of  the  disease  in  man. 

Our  results  have  led  us  to  divide  these  cases  into  two  groups  very  clearly 
distinguished  from  each  other  by  the  properties  and.  characters  of  the 
bacillus  found  in  each. 

Nearly  all  the  cases  fall  readily  into  the  one  or  the  other  group,  and  all  the 
members  of  each  group  agree  with  each  other  in  the  features  which  we  are  about 
to  describe.  But  some  few  cases  present  exceptional  features  by  which  they 
in  one  respect  or  another  differ  from  all  the  other  cases,  and  it  will  be  advan- 
tageous to  consider  these  as  forming  a  group  by  themselves. 

Group  I. 

One  group,  which  we  will  call  Group  I.,  is  far  smaller  than  the  other, 
containing  only  fourteen  cases  out  of  the  whole  number.  It  will  be  convenient 
to  consider  this  group  first. 

The  viruses  in  this  group  were  obtained  in  one  case  from  sputum  feeding, 
m  three  cases  from  tuberculous  cervical  glands  removed  by  operation,  and  in  ten 
cases  from  the  lesions  of  cases  of  primary  abdominal  tuberculosis.  All  the  cases 
of  abdominal  tuberculosis  occurred  in  children  and  showed  some  distinctive 
feature  demonstrating  the  primary  origin  of  the  disease.  In  some  there  was 
ulceration  of  the  intestine,  in  others  tuberculous  peritonitis.  All  showed  casea- 
tion of  the  mesenteric  glands.  In  some  cases  the  patient  had  died  of  generalised 
tuberculosis.  In  all  cases  the  mesenteric  glands  were  used  for  investigation, 
but  in  some  of  those  in  which  there  was  generalisation  of  the  disease,  lesions  re- 
mote from  the  mesenteric  glands  were  also  used,  such  as  those  occurring  in  the 
bronchial  glands,  lungs,  and  the  meninges.    (See  Dr.  Martin's  Memorandum.) 

The  Effects  produced  on  Bovine  Animals. 
The  Effects  of  the  Subcutaneous  Injection  of  Emulsions. 

22.  We  will  consider  first  the  effects  produced  by  the  subcutaneous  injection 
into  bovine  animals  of  the  tuberculous  material  of  the  several  cases  of  this  group 
in  the  form  of  emulsions  either  prepared  directly  from  the  original  material 
or  (H.  28  and  H.  29)  from  the  tuberculous  organs  of  guinea-pigs  infected  with 
that  material.  Such  emulsions  were  used  in  ten  cases  out  of  the  fourteen,  i.e., 
in  all  but  H.  38  and  H.  49.  In  all  cases  the  emulsion  was  injected  into  each 
of  two  animals,  and  these  were  young  calves,  except  in  the  case  of  H.  7,  one 
of  the  earlier  cases  studied,  in  which  one  of  the  animals  was  a  heifer. 

In  all  these  ten  cases  the  injection  gave  rise  in  one  or  both  the  animals 
used  to  a  generalised  tuberculosis.  The  disease  so  produced  was  in  four  cases 
(H.  14,  28,  29,  32)  a  fatal  generalised  progressive  tuberculosis,  the  animal  dying 
within  fifty  days  or  having  to  be  killed  in  a  dying  condition  ;  and  this  result 
was  obtained  in  both  the  animals  employed  in  each  case.  In  one  case  (H.  19) 
only  one  of  the  two  animals  employed  was  affected  to  this  fatal  extent.  In  the 
other  four  cases  the  tuberculosis  produced  in  one  or  both  the  animals  employed, 
though  generalised  and  progressive,  was  not  severe  enough  to  be  fatal  within 
the  period  of  observation.  And  in  three  cases  (H.  7,  19,  20)  the  effect  produced 
in  one  of  the  two  animals  used  was  not  more  than  a  limited  retrogressive 
tuberculosis. 
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The  dose  used,  i.e.,  the  number  of  bacilli  injected,  was  in  some  of  the  earlier 
cases  not  estimated,  and  varied  largely  in  the  others.  Hence,  putting  wholly 
on  one  side  for  the  present  the  question  whether  the  bacilli  in  the  several  cases 
differed  among  themselves  essentially  in  degree  of  virulence,  that  is,  in  the 
power  to  set  up  tuberculosis,  the  question  naturally  presents  itself,  Were  the 
cases  of  lesser  effect  due  to  the  dose  given  being  too  small  in  relation  to  the 
individual  susceptibility  of  the  animal  employed  ? 

That  this  was  the  explanation  is  strongly  suggested  by  the  fact  that  in 
the  cases  in  which  the  original  emulsion  produced  less  than  a  fatal  generalised 
progressive  tuberculosis  this  greater  effect  was  seen  when  the  virus  was  carried 
on  by  the  subcutaneous  injection  of  emulsions  from  the  animals  originally 
infected  to  other  animals  (see  for  instance  Calves  141,  105,  in  H.  7  ;  Calf  191 
in  H.  10  ;  Calf  271  in  H.  19  ;  Calves  335,  403,  in  H.  20). 


The  Effect  of  the  Subcutaneous  Injection  of  Cultures. 

23.  Definite  proof  of  the  above  was  afforded  by  the  following  experience. 

We  have  seen  that  with  bovine  tuberculosis  a  large  dose,  50  mgrs.  of  culture 
injected  subcutaneously,  produces  fatal  generalised  progressive  tuberculosis. 
Such  a  dose  is,  as  we  have  said,  large  enough  to  overcome  all  resistance. 

Cultures  were  prepared  from  the  tuberculous  material  of  each  of  the  above 
ten  cases,  and  also  from  that  of  each  of  the  other  two  cases  (H.  38  and  49)  in 
which  no  emulsions  had  been  used.  The  material  employed  for  preparing  the 
cultures  was  either  the  original  material  or  the  tuberculous  organs  of  a  guinea- 
pig  or  other  animal  infected  with  the  original  material.* 

In  each  of  the  above  fourteen  cases  the  subcutaneous  injection  of  50  mgrs. 
of  culture  gave  rise  to  a  generalised  progressive  tuberculosis,  the  animal  dying 
or  being  killed  when  very  ill  within  fifty  days  ;  in  nine  out  of  the  fourteen  cases 
this  result  was  obtained  on  both  the  two  animals  employed  in  each  case  ;  in 
one  of  the  cases,  the  result  in  one  of  the  animals  employed  was  less  severe. 

We  have  seen  that  with  the  bacillus  of  bovine  tuberculosis  a  smaller  dose, 
10  mgrs.,  injected  subcutaneously,  while  it  sometimes  produced  fatal  generalised 
progressive  tuberculosis,  sometimes  gave  rise  to  a  less  severe  result ;  it  would 
appear  that  in  some  calves  the  powers  of  resistance,  while  not  great  enough  to  with- 
stand 50  mgrs.,  are  able  to  withstand  10  mgrs.  of  the  culture.  We  have  tried  the 
effect  of  a  dose  of  10  mgrs.  of  culture  in  all  the  cases  of  Group  I.,  and  the  result 
has  been  wholly  like  that  obtained  with  the  bacillus  of  bovine  tuberculosis  ; 
fatal  generalised  progressive  tuberculosis  was  sometimes  produced  and  sometimes 
not. 

There  can  be  no  doubt,  therefore,  that  the  bacillus  supplied  to  us  from  each 
of  the  cases  of  Group  I.  resembles  the  bacillus  of  bovine  tuberculosis  in  being 
capable  of  producing  a  generalised  progressive  tuberculosis  in  the  bovine  body 
when  injected  subcutaneously. 


Other  Modes  of  Injection. 

24.  In  some  few  cases  of  Group  I.  (H.  7,  H.  10,  H.  14,  H.  28),  the  tuberculous 
material,  either  the  original  material  or  that  material  "  passed  "  through  the 
body  of  a  guinea-pig,  has  been  injected  into  the  udder  of  a  cow.  The  result 
has  always  been  tuberculosis  of  the  udder. 

In  the  few  cases  in  which  the  tuberculous  material  of  Group  I.  has  been 
injected  intravenously  into  a  bovine  animal  generalised  tuberculosis  has  been 
the  result. 

We  shall  discuss  separately  the  results  which  we  have  obtained  by  feeding 
bovine  animals  on  tuberculous  material  of  human  source. 


*  In  the  course  of  our  inquiry,  when  dealing  with  tuberculous  material,  we  have  frequently 
had  occasion  to  infect  a  guinea-pig,  the  susceptibility  of  the  animal  to  the  bacillus  of  tuberculosis 
being  very  great,  and  to  use  its  tuberculous  organs  instead  of,  or  in  addition  to,  the  original 
material.  By  this  means  we  have  been  able  to  increase  the  number  of  bacilli  and  otherwise  to 
obtain  material  better  suited  for  the  preparation  of  cultures.  Sometimes  we  have  found  it 
advantageous  thus  to  '  pass  the  virus  '  through  more  than  one,  through  a  succession  of  guinea-pigs. 
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Effect  on  Animals  other  than  Bovines. 
Rabbits. 

25.  — In  each  of  the  cases  of  Group  I.  the  bacillus  in  the  form  of  culture, 
and  also  occasionally  in  the  form  of  emulsion,  has  been  injected  sometimes 
subcutaneously,  but  most  frequently  intraperitoneally,  into  rabbits.  The  result 
has  invariably  been  generalised  progressive  tuberculosis,  usually  fatal  within 
a  short  period.  And  this  result  has  been  obtained  not  only  with  larger  doses 
but  also  with  doses  so  small  as  0-01  mgr.  We  have  not  yet  determined  the 
minimal  dose. 

Rabbits  fed  on  cultures  of  G-roup  L  also  developed  generalised  progressive 
tuberculosis. 

Other  Animals. 

26.  — The  bacillus  of  Group  I.  injected  into  the  bodies  of  guinea-pigs  has 
invariably,  even  in  extremely  small  doses,  given  rise  to  generalised  progressive 
tuberculosis ;  and  guinea  pigs  fed  on  cultures  of  Group  I.  also  developed  genera- 
lised progressive  tuberculosis. 

We  have  not  made  any  large  number  of  observations  on  other  animals, 
but  those  which  we  have  made  show  that  the  bacillus  of  Group  I.  will,  in  adequate 
dose,  produce  generalised  progressive  tuberculosis  readily  in  pigs  and  goats, 
and  even  more  readily  in  monkeys. 

A  dog  inoculated  intraperitoneally  with  10  nigrs.,  and  a  chimpanzee  inoculated 
subcutaneously  with  1  mgr.  of  a  culture  of  Group  I.  both  died  of  generalised 
progressive  tuberculosis. 

27.  We  do  not  think  it  necessary  to  dwell  in  any  further  detail  at  present 
on  the  features  of  the  effects  thus  produced  by  the  bacillus  of  Group  I.  on  bovine 
and  other  animals.  We  may  say  definitely  and  at  once  that  these  effects  appear 
to  us  to  be  absolutely  identical  with  the  effects  of  the  bacillus  of  bovine  tuber- 
culosis ;  we  have  wholly  failed  to  discover  any  essential  differences  between 
the  one  and  the  other  ;  both  are  equally  virulent,  i.e.,  equally  able  to  set  up 
tuberculosis  in  bovine  and  other  animals. 

Group  IT. 

28.  This  group,  much  larger  than  Group  I.,  is  made  up  of  forty  cases  of 
very  different  kinds.  In  some  cases  the  material  consisted  of  cervical  glands 
removed  by  operation.  In  eight  others  it  consisted  of  mesenteric  glands  removed 
after  death  from  cases  in  which  the  disease  seemed  to  be  of  alimentary  origin, 
and  was  either  a  general  tuberculosis  or  a  more  localized  affection.  In  others, 
again,  ten  in  all,  the  material  consisted  of  lungs  or  bronchial  glands  from  cases  in 
which  the  disease  was  of  respiratory  origin,  mainly  cases  of  pulmonary  tuber- 
culosis, mostly  advanced,though  generally  in  an  acute  phase.  One  case  was  that 
of  a  tuberculous  kidney,  another  was  that  of  a  tuberculous  testis.  All  the  rest, 
nine  in  number,  were  cases  of  affections  of  the  joints  or  bones.  Our  studies  of 
these  cases  have  led  us  to  the  conclusion  that  the  bacillus  in  all  of  them  possessed 
certain  common  features. 


The  Effects  produced  on  Bovine  Animals. 
The  Effects  of  the  Subcutaneous  Injection  of  Emulsions. 

29.  When  the  bacillus  is  injected  in  the  form  of  an  emulsion,  the  effects, 
as  might  be  expected  from  what  we  have  seen  in  connection  with  the  bacillus 
of  bovine  tuberculosis  or  of  Group  I.,  vary  to  a  considerable  extent. 

A  very  common  effect  is  as  follows  :  - 

1.  A  local  lesion,  consisting  of  a  larger  or  smaller  mass  of  tuberculous  tissue  in 
a  condition  more  or  less  markedly  retrogressive,  and  presenting  on  section,  even 
to  the  naked  eye,  a  very  distinctive  appearance  widely  differing  from  that  of 
the  local  lesion  seen  in  bovine  tuberculosis  or  in  Group  I.  It  does  not  infiltrate 
the  surrounding  tissues,  but  is  distinctly  circumscribed  by  a  zone  of  fibrous 
tissue,  is  frequently  softened  in  the  interior,  and  contains  serous  fluid. 
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2.  More  or  less  tuberculous  deposits,  in  a  distinctly  retrogressive,  fre- 
quently calcareous  condition,  in  the  nearest  lymphatic  glands,  prescapular  and 
prepectoral. 

In  some  cases  the  affection  of  the  prescapular  or  prepectoral  glands  was 
extensive,  though  always  more  or  less  retrogressive  ;  in  other  cases  it  was 
slight;  and  in  some  cases  it  was  wholly  absent,  the  only  effect  of  the  injection 
being  a  local  lesion  of  varying  magnitude.  In  some  few  cases  even  the  local 
lesion  disappeared,  so  that  the  injection  of  the  tuberculous  material  left  no 
permanent  visible  effects  whatever. 

We  may  interpret  these  results  in  the  following  way. 

When  the  emulsion  of  tuberculous  material  is  lodged  in  the  subcutaneous 
tissue  of  the  neck  the  bacilli  set  up  the  process  of  tuberculosis.  This  proceeds 
to  a  greater  or  less  extent,  determined  by  the  relation  of  the  virulence,  that 
is  to  say,  the  pathogenic  powers  of  the  bacilli  to  the  powers  of  resistance  of 
the  tissues.  In  all  cases  the  latter,  after  a  varying  period,  gain  the  victory  ; 
a  wall  of  non-tuberculous  tissue  surrounding  and  limiting  the  central  tuber- 
culous mass  is  formed,  the  process  of  tuberculosis  in  the  central  mass  itself  is 
arrested,  the  spread  of  the  bacilli  from  that  mass  ceases,  and  the  tubercle 
already  formed  undergoes  calcareous  degeneration,  or  a  process  of  softening. 

Meanwhile  some  of  the  bacilli  from  the  local  lesion  have  invaded  the  nearest 
lymphatic  gland  (prescapular,  &c),  probably  by  way  of  the  lymphatics,  and 
set  up  tuberculosis  there.  But  here  also  after  a  while  the  powers  of  resistance 
of  the  tissues  gain  the  upper  hand,  and  the  tubercle,  ceasing  to  increase, 
becomes  retrogressive  and  degenerates. 

Besides  the  mischief  thus  setup  in  the  local  lesion  and  the  adjoining  lymphatic 
glands,  we  observed  in  nearly  half  the  cases  a  few  scattered  tubercles  in  a  retro- 
gressive condition  in  various  organs,  such  as  the  lungs,  liver,  and  distant  lym- 
phatic glands.  In  two  exceptional  cases  these  scattered  tubercles  were  numerous 
and  conspicuous,  but  as  a  rule  they  were  minute,  so  minute  indeed  that  their 
presence  might  easily  be  overlooked.  In  many  cases  no  such  tubercles  could 
be  found  at  all. 

We  have  ascertained  experimentally  that,  as  in  the  case  of  the 
bacilli  of  bovine  tuberculosis,  when  bacilli  of  this  group  are  injected 
subcutaneously,  in  the  neck,  for  instance,  in  an  adequate  dose,  a  cer- 
tain number  enter  the  blood  stream  within  two  days,  and  are  then 
distributed  all  over  the  body.  Groups  of  them  are,  in  consequence, 
lodged  here  and  there  in  various  organs.  These  groups,  if  the  pathogenic- 
powers,  that  is,  the  "virulence"  of  the  bacillus,  be  great  enough,  start  a  forma- 
tion of  tubercle ;  but,  in  all  the  cases  of  which  we  are  speaking,  the  resistance 
of  the  tissues  is  great  enough  to  overcome  eventually  the  pathogenic  action  of 
the  bacillus,  the  process  of  tuberculosis  is  arrested,  and  the  small  lesion  which 
has  already  been  formed  becomes  fibrous  and  calcareous  or  disappears. 


The  Effects  of  the  Subcutaneous  Injections  of  Cultures. 

30.  In  the  foregoing  experiments  with  emulsions  the  dose  was,  in  some 
cases,  undetermined,  and  in  other  cases  small.  Hence  the  absence  of  a  severe 
effect  might  be  attributed  to  the  dose  being  too  small.  We  have  therefore 
in  all  the  above  cases  studied  the  effects  of  the  subcutaneous  injection  of  a 
measured  dose  of  culture  ;  and  we  have  purposely  chosen  a  very  large  dose, 
namely,  50  mgrs.,  or,  in  some  cases,  a  still  larger  dose,  so  as  to  bring  out  clearly 
the  maximum  effect  of  the  bacillus.  The  cultures  used,  grown  on  serum,  were 
twenty-one  days  old.  The  results  have  been  far  more  constant  than  have 
been  those  obtained  with  the  emulsions.  In  spite^  of  the  very  large  dose  in  no 
case  has  the  injection  of  a  culture  given  rise  to  more  than  a  limited  retro- 
gressive tuberculosis :  to  a  circumscribed  retrogressive  local  lesion,  very 
frequently  softened  in  the  interior,  to  a  retrogressive  tuberculosis  of  the 
nearest  lymphatic  glands,  and  to  a  few  small  scattered  retrogressive  tubercles 
in  various  organs.  And  in  some  cases  no  such  scattered  tubercles  could  be 
found. 

We  have  also  given  much  larger  doses  (in  two  cases  as  much  as  3,000 
mgrs.)  of  cultures  grown  on  serum,  glycerin-serum  broth,  or  glycerin-broth, 
without  producing  results  more  severe  than  the  above. 
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31.  In  all  the  cases  of  Group  II.,  therefore,  the  bacillus,  even  given  as  a  cul- 
ture in  very  large  doses,  did  not  produce  generalised  progressive  tuberculosis 
when  injected  subcutaneously  into  bovine  animals.  This  result  was  obtained  not 
only  with  tuberculous  material  supplied  from  cases  of  phthisis  and  other  pulmonary 
diseases,  with  tuberculous  material  supplied  from  cases  of  joint  and  bone  affection, 
but  also  with  tuberculous  material  supplied  as  mesenteric  and  cervical  glands, 
that  is  to  say,  from  cases  in  which,  presumably,  the  infection  took  place  by  way 
of  the  alimentary  canal,  cases  so  far  similar  to  those  which  furnished  Group  I. 

It  is  obvious  that  the  bacillus  of  the  cases  forming  Group  II.  differs  sharply 
and  clearly  from  the  bacillus  of  the  cases  forming  Group  L,  in  that  the  former 
does  not  even  in  very  large  doses  (50  mgrs.  of  culture)  produce  in  the  bovine 
body  generalised  progressive  tuberculosis,  while  the  latter  does  this  always  in 
these  doses  and  may  do  it  in  much  smaller  doses. 

Effects  on  Babbits. 

32.  We  have  studied  the  effects  of  the  injection,  subcutaneously,  intraven- 
ously, and  intraperitoneally,  of  the  bacillus  of  the  cases  of  Group  II.  into  rabbits,  in 
the  form  both  of  emulsion  and  culture.  Most  of  our  results,  however,  have  been 
obtained  by  the  intraperitoneal  injection  of  cultures  in  doses  of  50  mgrs.,  10  mgrs., 
1  mgr.,  or  0-1  mgr.  It  will  be  sufficient  to  say  that  all  the  cases  of  Group  II.  agree 
in  that,  with  certain  exceptions  (Viruses  H.  50  "  P.H.,"  H.  52  "T.F.,"  H  33 
"R.T.,"  H.  30  "E.M.,"  H.  9  "C.T.,"  H.  11  "E.D.,"  and  H.  43  "F.F.")  the 
injection  of  the  bacillus  into  the  body  of  the  rabbit  gives  rise  to  a  limited  retro- 
gressive tuberculosis  only,  and  not  to  a  fatal  generalised  progressive  tuberculosis 
such  as  is  produced  by  the  like  injection  of  the  same  dose,  or  even  a  much 
smaller  dose,  of  the  bacillus  of  bovine  tuberculosis  or  of  Group  I. 

Effects  on  other  Animals. 
Guinea-Pigs. 

33.  The  bacillus  of  Group  II.  readily  produces  generalised  progressive 
tuberculosis  in  these  susceptible  animals.  As  in  the  case  of  bovine 
tuberculosis  and  the  tuberculosis  of  Group  I.  we  have  constantly  made  use 
of  these  animals  for  the  purpose  of  continuing  the  virus  and  obtaining  material 
for  our  experiments. 

Pigs  and  Goats. 

Our  observati  >ns  on  the  effect  of  injecting  the  bacillus  of  Group  II.  are 
not  yet  completed,  but  so  far  as  they  go  they  show  that  this  bacillus  is  not  able 
to  produce  generalised  progressive  tuberculosis  in  these  animals,  which  appear 
to  be  as  resistant  as  bovines  and  rabbits. 

Monkeys. 

Observations  which  we  have  made  on  these  animals  show  that  the  injection 
of  the  bacillus  of  Group  II.  readily  produces  in  them  generalised  progressive 
tuberculosis. 

Anthropoid  Apes. 

We  have  obtained  this  result  also  with  the  anthropoid  ape,  namely,  the 
chimpanzee. 

FEEDING  BOVINE  ANIMALS  WITH  THE  SPUTUM  OF  CASES 
OF  HUMAN  TUBERCULOSIS. 

34.  We  chose,  as  material,  the  sputum  of  cases  of  phthisis,  and  fed  for 
some  considerable  time  two  sets  of  animals  with  sputum  of  this  kind  obtained 
from  a  hospital.  In  the  first  experiment  (H.  2.  Sp.  A.),  we  fed  two 
heifers  (not  calves)  with  a  daily  dose  of  sputum,  one  for  about  200,  the 
other  for  about  300  days  ;  each ,  therefore,  must  have  received  into  the 
alimentary  canal  a  very  large  number  of  bacilli. 
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In  one  heifer  (11)  several  mesenteric  and  a  few  hepatic  glands  were  found 
to  be  tuberculous,  caseous,  and  calcareous ;  these  were  the  sole  tuberculous 
lesions  present.  We  thus  obtained  by  feeding  with  the  bacillus  present  in  human 
sputum  a  tuberculosis  limited  to  the  structures  directly  connected  with  the 
alimentary  canal,  a  result  similar  to  that  which  we  obtained  by  feeding  calves 
with  the  bacillus  of  bovine  tuberculosis.  The  disease  in  Heifer  11  was,  however, 
markedly  retrogressive. 

An  emulsion  (the  number  of  bacilli  present  not  being  estimated)  from  these 
glands  injected  subcutaneously  into  a  calf  gave  rise  to  a  tuberculosis  which, 
though  general,  and  severe,  was  not  fatal.  Emulsions  from  various  lymphatic 
glands  of  this  second  animal  injected  into  six  calves  subcutaneously,  intraven- 
ously, and  intraperitoneally,  gave  rise  to  generalised  progressive  tuberculosis, 
fatal  in  the  two  injected  intravenously,  but  not  in  the  others  within  the  !  90 
days  which  we  have  taken  as  our  period  of  observation.  Further,  a  culture 
derived  from  a  guinea-pig  injected  with  material  of  the  tuberculous  glands 
of  Heifer  11,  injected  in  dose  of  50  mgrs.,  gave  rise  in  two  calves  to  fatal 
progressive  tuberculosis,  and  to  the  same  result  when  injected  in  a  dose  of  0-l  mgr. 
into  a  rabbit.  We  may  add  that  a  culture  derived  from  one  of  the  six  calves 
mentioned  above  gave  rise,  in  the  smaller  dose  of  10  mgrs.,  to  a  fatal  progressive 
tuberculosis  in  one  calf,  and  to  a  generalised,  but  not  fatal,  tuberculosis  in 
another.  It  is  clear  that  the  tuberculous  glands  of  Heifer  1 1  contained  a  bacillus, 
possessing  that  degree  of  virulence  which  we  have  found  to  be  characteristic  of 
the  bacillus  of  the  cases  in  Group  I.  and  of  bovine  tuberculosis.  That  bacillus 
must  have  been  introduced  by  the  sputum  taken  with  the  food  ;  for  in  all  our 
experience  we  have  not  met  in  our  bovine  animals  at  Blythwood  any  case  of 
spontaneous  tuberculosis  of  the  mesenteric  glands  ;  and  the  animal  gave  no 
reaction  to  tuberculin  before  being  fed  with  the  sputum,  though  it  did  afterwards. 
Further,  we  may  assume  that  the  bacillus  must  have  come  from  the  tuberculous 
lesions  of  the  patients  expectorating  the  sputum ;  we  cannot,  for  instance,  admit  as 
an  explanation  the  suggestion  that  the  bacillus  in  question  might  have  come  from 
milk  supplied  to  the  patients,  the  usual  sterilisation  of  the  milk  having  accidentally 
been  omitted  or  having  failed,  and  tubercle  bacilli  present  in  it  having 
clung  about  the  patient's  mouth  while  he  or  she  expectorated. 

In  the  other  heifer  (13)  tuberculosis  of  the  mesenteric  glands  in  the  form 
of  calcareous  nodules,  that  is  to  say,  in  a  stage  of  retrogression  somewhat  more 
advanced  than  the  tuberculosis  of  Heifer  11  was  found  after  death. 

An  emulsion  from  these  calcareous  glands,  containing  so  few  bacilli  that 
none  could  be  detected  on  microscopical  observation,  injected  subcutaneously 
into  a  calf  (111)  gave  rise  to  a  very  limited  retrogressive  tuberculosis,  namely,  to  a 
small  nodule  in  the  prepectoral  gland,  the  prescapular  gland  showing  no  visible 
tuberculosis,  though  an  emulsion  from  it  produced  generalised  tuberculosis  in  a 
guinea-pig. 

That  these  limited  results  were  not  due  to  paucity  of  bacilli  alone  is  shown 
by  the  fact  that  a  culture  derived  from  a  guinea-pig  infected  with  material  from 
Calf  111,  in  a  dose  of  50  mgrs.,  produced  in  each  of  two  calves  not  more  than  a 
limited  retrogressive  tuberculosis.  We  seem,  therefore,  by  feeding  to  have 
introduced  into  the  tissues  of  the  bovine  in  the  case  of  Heifer  11  a  bacillus 
of  the  virulence  of  Group  I.,  and  in  the  case  of  Heifer  13  a  bacillus  of  the  virulence 
of  Group  II. 

The  history  of  these  two  cases  is  not  without  complications,  but  to  these 
we  refer  later  in  §  58. 

35.  In  a  second  experiment  (H.  17,  "  Sp.  B."),  four  calves  were  fed,  one  for 
91,  the  other  for  120  days,  with  sputum  similar  to  that  used  in  the  first 
experiment,  one  receiving  about  21,000  cc,  the  others  about  30,000  cc.  In 
each  animal  a  limited  retrogressive,  calcareous  tuberculosis  was  found  in  the 
mesenteric  or  adjoining  glands  ;  in  some  the  pharyngeal  glands  were  also  affected. 
These  results  indicated  the  presence  in  these  calves  of  a  bacillus  of  the  lesser 
virulence  of  Group  II. 

When  from  one  of  these  calves  we  passed  the  virus  on  by  injecting  animals 
in  succession,  we  obtained  results  of  a  different  character  ;  these  we  shall  discuss 
later. 
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The  Anatomical  and  Histological  Features  of  the  Tuberculosis  set  up  by  the  Bacillus  of  Human 
Tuberculosis  and  by  the  Bacillus  of  Bovine  Tuberculosis. 

36.  In  each  experiment  which  we  have  made  the  anatomical  features  of  the 
disease  set  up  has  been  carefully  observed  and  recorded.  Under  our  direction 
Dr.  Eastwood  has  also  made  a  most  careful  and  prolonged  study  of  the  histological 
features  of  the  various  lesions  produced  in  the  experiments.  We  have  there- 
fore abundant  data  for  arriving  at  conclusions  on  these  matters. 

We  may  say  at  once  that  the  effects  of  the  bacillus  of  Group  I.  are,  in  respect 
to  anatomical  and  histological  features,  absolutely  identical  with  those  of  the 
bacillus  of  bovme  tuberculosis.  And  this  is  true  whether  the  effects  on  the  bovine 
animal  itself  or  on  any  other  animal  are  studied.  Further,  the  disease  produced 
artificially  m  the  bovine  animal  by  the  injection  of,  or  feeding  with,  the  bacillus 
of  bovine  tuberculosis,  or  that  of  Group  I.,  is  in  every  respect  identical  with  the 
tuberoulosis  occurring  naturally  in  that  animal 

P  37.  The  effects  on  the  bovine  animal  produced  by  the  subcutaneous  injection 
of  the  bacillus  of  Group  II.  present,  on  the  other  hand,  a  marked  contrast  to 
those  produced  by  the  bacillus  of  bovine  tuberculosis.  The  limited  circum- 
scribed retrogressive  local  lesion,  the  limited  retrogressive,  or  at  least  non- 
progressive, lesions  in  the  adjacent  lymphatic  glands,  the  occasionally  found, 
scanty,  minute  disseminate  tubercles,  in  a  distinctly  retrogressive  condition ; 
all  these  features  offer  so  strong  a  contrast  to  the  usual  effects  of  the  bacillus', 
of  bovine  tuberculosis  as  to  suggest  that  the  action  of  the  one  bacillus  differs, 
in  kind  from  that  of  the  other. 

But,  as  we  have  seen  (§  5),  in  certain  Cases,  owing  to  the  smallness  of: 
the  dose,  or  to  the  unusual  resistance  of  the  tissues  of  the  animal  employed,, 
the  effects  produced  by  the  bacillus  of  bovine  tuberculosis  fall  short,  to  a  varying 
extent,  of  what  we  have  called  (§  4)  the  full  effects,  and  in  some  of  these 
cases  the  effects  are,  anatomically,  identical  with  those  of  the  bacillus  of  Group 
II.,  consisting  as  they  do  of  a  circumscribed  retrogressive  local  lesion  and 
scanty  retrogressive  disseminate  tubercles.  Histological  investigation  discloses,, 
moreover,  a  like  histological  identity.  The  histological  features  of  the  dis- 
seminate tubercles  produced  by  the  bacillus  of  Group  II.  through  the  initial 
distribution  spoken  of  in  Section  29,  are  the  same  as  those  of  the  disseminate 
tubercles  of  like  extent  and  phase  produced  by  the  bacillus  of  bovine  tuberculosis. 
This  is  well  brought  out  in  cases  Calf  185,  H.  9,  "  C.T.,"  and  Calf  365,  H.  23, 
"  J.P.,"  in  which  the  amount  of  tuberculous  disease  set  up  by  the  initial 
distribution  of  the  bacillus  was  unusually  extensive. 

The  essential  identity  of  the  action  of  the  bacillus  of  Group  II.  with  that  of  the 
bacillus  of  bovine  tuberculosis  is  further  illustrated  by  the  histological  study  of 
the  initial  changes  following  immediately  upon  subcutaneous  injection  and  of  the 
subsequent  events  in  the  two  series. 

In  each  of  them  the  pathogenic  processes  resulting  from  the  struggle  between 
the  bacillus  and  the  tissue  are  fundamentally  the  same.  The  differences  in  the 
effects  are  determined  by  the  relation  of  the  virulence  of  the  bacillus  to  the 
resistance  of  the  tissues.  The  contrasts  so  marked  between  the  two  series  are 
simply  the  qualitative  expressions  of  quantative  differences  of  virulence.  There 
is  no  evidence  of  difference  in  kind  between  the  action  of  the  one  bacillus  and 
that  of  the  other. 

The  results  which  we  obtained  in  the  few  instances  in  which  we  used  intra- 
venous inoculation  were  variable,  but,  so  far  as  they  go,  they  also  afford  no 
evidence  of  a  difference  in  kind  between  the  action  of  one  bacillus  and  that  of 
the  other. 

The  above  observations  relate  to  tuberculosis  set  up  in  the  bovine  body, 
but  they  apply  equally  well  to  the  tuberculosis  set  up  in  the  body  of  the  rabbit. 
We  may  add  that  in  the  exceptional  cases  referred  to  in  §  32,  in  which  the 
disease  set  up  in  the  rabbit  by  the  bacillus  of  Group  II.,  though  of  slow  course, 
was  severe  and  progressive,  the  histological  features  were  identical  with  those 
of  the  disease  set  up  by  the  bacillus  of  bovine  tuberculosis. 

A  much  more  ample  opportunity,  however,  of  comparing  the  anatomical  and 
histological  features  of  the  tuberculosis  set  up  by  the  bacillus  of  Group  II.  with 
those  of  the  tuberculosis  set  up  by  the  bacillus  of  bovine  tuberculosis  is  afforded 
by  the  fact  that  both  of  them  will  set  up  generalised  progressive  tuberculosis  in 
guinea-pigs  and  monkeys. 
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When  we  compare  the  broader  anatomical  features  of  the  disease  set 
up  in  the  monkey  by  the  bacillus  of  Group  II.  with  those  of  the  disease  set  up  by 
the  bacillus  of  bovine  tuberculosis,  we  find  no  essential  differences  between 
the  two,  and  that  whether  the  bacillus  be  injected  into  the  tissues  or  intro- 
duced by  feeding  through  the  alimentary  canal.  The  progress  of  the 
iuvasion,  the  course  of  the  pathological  events,  and  the  effects  produced,  are 
essentially  the  same.  Nor  has  the  most  careful  study  of  the  more  minute  histo- 
logical features  of  the  lesions  succeeded  in  disclosing  any  essential  differences. 
The  disease  set  up  in  the  monkey  by  the  bacillus  of  Group  II.  is  essentially 
the  same  disease  as  that  set  up  by  the  bacillus  of  bovine  tuberculosis. 

And  what,  in  this  respect,  is  true  of  the  monkey,  is  also  true  of  the 
guinea-pig.  The  tuberculosis  set  up  in  these  animals  is,  so  far  as  its 
anatomical  and  histological  features  are  concerned,  identical,  whether  it  be 
set  up  by  the  bacillus  of  bovine  source  or  the  bacillus  of  Group  I.  or  Group  II. 
of  human  source. 

Taking  all  these  several  facts  into  consideration,  we  feel  justified  in  asserting 
that,  regard  being  had  to  the  differences  which  present  themselves  according 
to  the  extent  of  disease  produced  and  the  phase  in  which  the  disease  exists  at 
the  time  of  examination,  the  tuberculosis  set  up  by  the  bacillus  of  human 
source  is,  so  far  as  its  anatomical  and  histological  features  are  concerned, 
one  and  the  same  as  the  tuberculosis  set  up  by  the  bacillus  of  bovine  source. 


Summary  of  the  Effects  of  the  Bacillus  of  Tuberculosis. 

38.  We  may  sum  up  as  follows  the  results  of  what  in  §  1  we  put  before 
us  as  our  first  task,  namely,  the  study  of  the  effects  produced  on  animal  bodies 
by  the  introduction  of  the  bacillus  of  tuberculosis. 

It  is  clear  that  the  effects  produced  by  the  introduction  of  the  bacillus  from 
the  cases  of  human  tuberculosis  forming  Group  I.  are  in  every  respect  one  and 
the  same  as  the  effects  produced  by  the  introduction  of  the  bacillus  of  bovine 
tuberculosis. 

But  it  is  no  less  clear  that  the  effects  produced  by  the  introduction  of  the 
bacillus  of  Group  II.  of  cases  of  human  tuberculosis  are  in  one  respect  markedly 
different.  The  bacillus  of  Group  II.  is  far  less  virulent  than  the  bacillus  of 
bovine  tuberculosis  ;  it  is  so  much  less  virulent  that,  even  in  very  large  doses, 
it  does  not  set  up  generalised  progressive  tuberculosis  in  the  bodies  of  bovines  and 
rabbits  ;  when  injected  subcutaneously,  its  virulence  is  unable  to  overcome 
the  "  powers  of  resistance  "  of  the  tissues  of  these  animals,  and  these  powers 
either  soon  arrest  the  progress  of  any  tuberculosis  which  may  have  begun,  and 
make  the  disease  retrogress  or  (in  some  few  cases)  prevent  the  disease  being  set 
up  at  all. 

This  difference  is  so  pronounced,  it  affords  so  sharp  a  line  of  demarcation 
between  the  effects  of  the  bacillus  of  Group  II.  and  the  effects  of  the  bacillus 
of  bovine  tuberculosis,  that  we  might  be  led  to  regard  it  as  a  difference  in  kind 
and  to  conclude  that  the  former  effects  are  not  one  and  the  same  as  the  latter. 
Before  we  accept  this  conclusion,  however,  the  following  considerations  deserve 
attention. 

In  the  first  place,  it  might  be  urged  that  the  fact  that  a  culture  in  a  dose 
of   50  mgrs.    produced  generalised  progressive  tuberculosis  in  each  of  the 
cases  of  bovine  tuberculosis  examined  by  us  (and  in  each  of  the  cases  of  Group 
I.),  but  in  none  of  the  cases  of  Group  II.,  does  not  justify  us  in  concluding  that 
the  bacillus  in  each  case  of  bovine  tuberculosis  (or  of  Group  I.)  possessed  an 
equally  high  degree  of  virulence,  and  that  the  bacillus  in  each  case  of  Group  II. 
possessed  an  equally  low  degree  of  virulence.    As  we  have  said,  we  do  not  at 
present  possess  an  adequate  means  of  estimating  small  differences  in  virulence  ; 
it  is  possible  that  the  bacilli  in  question  do  differ  to  a  certain  extent  in  viru- 
lence among  themselves.    If  this  be  so,  and  if  we  were  able  to  ascertain  how 
"far  the  most  virulent  bacillus  of  Group  II.  falls  behind  the  least  virulent  bacillus 
of  bovine  tuberculosis,  the  result  might  show  the  difference  between  Group  II. 
and  bovine  tuberculosis,  though  beyond  doubt  very  great,  to  be  not  so  great 
as  is  indicated  by  the  results  obtained  with  the  subcutaneous  injection  of 
50  mgrs.  of  culture.    And,  as  will  be  seen  later  in  §  53,  in  some  of  the  cases  in 
Group  III.  we  have  met  with  intermediate  degrees  of  virulence. 
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In  the  second  place,  we  have  seen  (§  20)  that  the  bacillus  of  bovine  tuber- 
culosis is  virulent  towards  many  animals  other  than  bovines  and  rabbits,  and, 
indeed,  seems  to  be  even  more  virulent  towards  some  of  these  than  towards 
the  bovine  animal  itself.  If  it  could  be  shown  that  the  bacillus  of  Group  II.,  in 
its  effects  on  these  other  animals,  instead  of  being  less  virulent,  was  as  virulent 
as,  or  more  virulent  than,  the  bacillus  of  bovine  tuberculosis,  we  might  recognise 
this  as  indicating  a  difference  in  kind.  But  so  far  we  have  not  yet  met  with  such 
results.  It  must  be  admitted,  however,  that  our  observations  on  this  point  are 
at  present  scanty.  Moreover,  as  we  have  already  urged,  the  quantitative 
determination  of  virulence,  especially  when  it  is  attempted  to  compare  virulence 
towards  one  kind  with  virulence  towards  another  kind  of  animal,  is  a  task  for 
which  the  methods  at  present  at  our  disposal  are  very  imperfect.  Again,  though 
we  have  seen  that  the  pathological  processes  constituting  tuberculosis  are  so  far 
alike  in  most  of  the  animals  which  we  have  studied  (we  are  now  confining  our- 
selves to  mammals)  as  to  afford  a  basis  for  comparing  the  actions  of  different 
kinds  of  bacilli  on  different  kinds  of '  animals  ;  yet  there  are  exceptions  to  this 
general  similarity.  In  the  rat  and  the  mouse,  for  instance,  the  pathological  events 
of  tuberculosis  are  strikingly  different  from  what  they  are  in  the  other  animals  of 
which  we  have  made  use.  And  this  brings  in  new  difficulties.  Further,  even  in 
the  animals  in  which  the  pathological  processes  are  sufficiently  alike  to  afford  an 
adequate  basis  for  comparison,  it  is  obviously  easier  to  estimate  differences  of 
virulence  in  a  body  susceptible  to  a  certain  degree  to  the  action  of  the  bacillus, 
but  in  which  the  powers  of  resistance  are  great,  than  in  a  very  susceptible  body 
in  which  these  powers  are  very  slight ;  the  former  affords  a  much  wider  range 
of  observation  than  does  the  latter,  in  which  a  maximum  effect  is  soon  reached 
with  even  a  small  dose.  We  should  not,  for  instance,  expect  to  find  a  difference 
in  virulence  so  readily  in  the  guinea-pig  and  the  monkey  as  in  the  bovine  and 
the  rabbit. 

We  repeat  that  our  observations  are  not  at  present  sufficiently  numerous  to 
justify  us  in  making  a  decided  statement ;  but  so  far  as  they  go  they  seem  to- 
show  that  the  bacillus  of  bovine  tuberculosis  is  more  virulent  towards 
guinea-pigs  and  monkeys  than  the  bacillus  of  Group  II.  And  this,  at  all  eventsT 
we  are  able  to  say,  that  in  all  our  experience  we  have  met  with  no  instance  in 
which  the  former  bacillus  has  distinctly  proved  less  virulent  than  the  latter. 
We  have  come  across  no  clear  indication  that  the  difference  between  the  two  is- 
one  of  kind. 

Lastly,  if  the  difference  which  we  are  discussing  be  a  difference  in  kindr 
we  should  expect  to  find  it  manifested  by  some  differences  not  only  in  the 
amount  but  also  in  the  character  of  the  effects  ;  we  should  expect  to  find,  at 
all  events,  some  differences  in  the  anatomical,  histological,  and  physiological 
features  of  the  disease  set  up  in  the  one  case  and  the  other.  But,  as  we  have 
shown  in  preceding  paragraph,  we  have  wholly  failed  to  find  any  such  differ- 
ences ;  in  all  its  essential  features  the  disease  set  up  by  the  bacillus  of  bovine 
tuberculosis  is  identical  with  that  set  up  by  the  bacillus  of  Group  II.  ;  such 
differences  as  are  met  with  are  differences  of  amount  and  phase  only. 

With  regard  to  the  first  part  of  our  inquiry,  then,  that  relating  to  the  effects- 
of  the  bacillus  of  bovine  and  human  tuberculosis,  we  find  that  these  are  one 
and  the  same,  save  that  those  of  Group  II.  of  human  tuberculosis  are  markedly 
less  in  degree. 

All  our  results  in  fact  point  to  the  conclusion  that  the  bacillus  of  bovine 
tuberculosis  has  sufficient  virulence  to  produce  easily  its  full  effect  on  the  more 
resistant  bovine  and  rabbit  as  well  as  on  other  less  resistant  animals,  while 
the  bacillus  of  Group  II.  of  human  tuberculosis,  being  essentially  less  virulent, 
is  not  able  to  produce  its  full  effect  on  the  more  resistant  bovine  and  rabbit, 
though  it  can  produce  them  on  the  less  resistant  guinea-pig,  monkey,  and,  we 
may  add,  man. 

We  may  now  turn  to  the  study  of  the  properties  and  characters  of  the 
bacilli  themselves.  „  , 

/THE  TUBERCLE  BACILLUS. 

39.  We  have  given  in  the  Appendix  full  details  of  the  procedures 
which  we  have]  adopted  in  our  studies  of  the  cultural  and  other 
characters  of  the  tubercle  bacillus.    Each  of  our  observers— Dr.  L.  Cobbett  at 


23 


Blythwood  and  Dr.  Griffith  at  Walpole— has  prepared  and  studied  cultures 
obtained  from  the  tuberculous  material  made  use  of  at  the  one  establishment 
and  at  the  other,  that  is  to  say,  the  original  tuberculous  material  coming  from 
the  post-mortem  room  or  the  slaughter-house,  and  the  tuberculous  material 
afforded  by  our  various  experiments.  In  addition  we  assigned  to  Dr.  East- 
wood the  task  of  carrying  out  in  the  laboratory  at  Royalcot  an  independent 
comparative  study  of  the  cultural  characters  of  the  bacilli  from  various  sources 
sent  to  him  in  cultures  from  both  Blythwood  and  Walpole.  He  was  also 
instructed  to  observe,  as  well  in  the  tissues  sent  to  him  for  histological  investiga- 
tion as  in  the  cultures  which  he  prepared,  the  microscopic  characters  of  the 
bacilli  present. 

It  will  be  seen  from  the  Appendix  that  our  observers  have  made  use  of 
a  large  number  of  artificial  media.  They  have  employed  serum  obtained 
from  different  animals,  glycerin-serum,  that  is,  serum  to  which  a  small  quantity 
(5  per  cent.)  of  pure  glycerin  has  been  added,  glycerin-broth,  glycerin-agar, 
glycerin-potato,  and  other  substances.  Dr.  Eastwood  has  made  a  special 
study  of  the  influence  of  various  substitutes  for  glycerin  in  broth  cultures. 

It  is  well  known  that  when  an  attempt  is  made  to  grow  the  tubercle  bacillus 
from  this  or  that  source  on  this  or  that  medium  great  differences  are  met  with  in 
the  rate  at  which  the  bacillus  grows,  the  rapidity  with  which  it  multiplies,  the 
way  in  which  it  spreads,  and  the  kind  of  growth  which  it  eventually  builds  up. 
Thus  a  bacillus  taken  from  one  source  will  grow,  say,  on  glycerin  broth,  with 
very  great  difficulty,  forming  even  after  several  weeks  nothing  more  than  a  thin 
transparent  film,  while  a  bacillus  from  another  source  will  grow  on  the  same 
medium  with  great  readiness,  forming  in  very  short  time  a  thick,  dense,  often 
coloured  crust.  Bacilli  from  other  sources  may  exhibit  intermediate  or  other 
characters. 

We  have  found  it  desirable  to  adopt  some  terms,  to  designate  briefly  the 
readiness  or  the  difficulty  with  which  a  bacillus  grows  on  a  given  medium  ;  and 
we  have  adopted  the  words"  dysgonic  and  eugonic  to  denote  respectively  that  the 
bacillus  grows  with  difficulty  or  with  readiness  on  a  medium  or  on  several  media. 

40.  Dr.  Eastwood  has  made  use  of  several  media,  serum  (chiefly  ox  and 
horse  serum,  but  sometimes  dog  serum,  and  in  a  few  instances  pig  serum), 
glycerin-broth,  glycerin-agar,  and  glycerin-potato,  for  the  purpose  of  differenti- 
ating bacilli  in  respect  to  their  growth. 

He  finds  that  while  bacilli  from  all  sources  grow,  under  proper  conditions, 
equally  well  on  serum,  they  exhibit  marked  differences  when  grown  on  the  other 
media,  especially  glycerin-agar.  But  for  the  purposes  of  differentiation  he 
makes  use  of  the  behaviour  of  the  bacilli,  not  as  seen  on  one  medium  only,  but  on 
all  the  media  used.  Taking  in  this  way  the  sum,  as  it  were,  of  the  growth  on 
all  these  media,  he  finds  that  he  can  arrange  all  the  bacilli  which  he  has  studied 
(that  is  to  say,  all  the  bacilli  from  various  sources  supplied  to  him,  either  in 
the  original  material  from  the  post-mortem-room  and  the  slaughter-house,  or 
in  the  material  furnished  by  some  experiment),  in  a  series,  passing  from  the 
most  dysgonic,  or  least  luxuriant  in  growth,  to  the  most  eugonic,  or  most  luxuri- 
ant in  growth.  He  insists  that  this  series  is  an  unbroken  one,  the  difference  in 
growth  between  any  two  specimens  adjoining  each  other  in  the  series  being 
almost  an  imperceptible  one. 

Nevertheless,  he  is  able,  by  insisting  on  small  differences,  to  divide  the 
whole  series  into  five  Grades,  Grade  I.  being  the  most  dysgonic,  and  Grade  V. 
the  least  dysgonic. 

Dr.  Cobbett,  who  was  charged  with  the  study  of  the  bacillus  of  human 
tuberculosis,  though  making  use  of  several  media,  has  been  led  to  trust  largely 
to  glycerin-serum  as  a  convenient  means  of  differentiation.  He  finds  that,  if 
care  be  taken  to  make  use  only  of  the  cases  in  which  the  growth  is  in  every  respect 
satisfactory  (whether  it  be  luxuriant  or  the  reverse),  he  can  divide  all  the  bacilli 
studied  by  him  into  two  classes  ;  those  which  will  grow  readily  on  glycerin-serum 
and  those  which  will  not.  The  former  constitute  a  eugonic,  the  latter  a  dysgonic, 
class.  He  finds,  however,  that  by  the  help  of  other  media  he  can  differentiate 
various  members  of  each  class. 

Dr.  Griffith,  who  was  charged  with  the  study  of  the  bacillus  of  bovine 
tuberculosis,  also  making  use  of  various  media,  finds,  among  other  results,, 
that  the  use  of  glycerin-serum  enables  him  to  arrange  the  bacilli  present  in  the 
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thirty  viruses  examined  by  him  into  three  groups,  according  to  their  mode 
of  growth.  He  also  has  observed  smaller  differences  between  the  members 
of  each  group,  so  that  the  thirty  viruses  taken  together  present  a  series  of  gradu- 
ally increasing  luxuriance  of  growth.  These  results  with  glycerin-serum  are 
confirmed  by  those  with  other  glycerin  media. 

The  results  obtained  by  Dr.  Cobbett  and  by  Dr.  Griffith  agree,  save  for 
some  very  few  and  slight  exceptions,  with  those  obtained  by  Dr.  Eastwood.  The 
method  adopted  by  the  latter,  however,  enables  us  to  differentiate  the  individual 
viruses  more  closely  than  does  the  simpler  classification  into  two  or  three  groups, 
and  in  what  follows  we  have  made  use,  mainly,  of  Dr.  Eastwood's  results.   ■  ; 


The  Bacillus  of  Bovine  Tuberculosis. 

41.  The  Cultural  Characters. — The  bacilli  of  the  thirty  bovine  viruses 
examined  by  us  do  not  agree  as  to  the  readiness  with  which  they  grow  on  artificial 
media.  If  we  take,  in  the  first  instance,  only  the  cultures  obtained  either  direct 
from  the  original  material  or  from  the  original  material  after  a  single  passage 
through  an  animal  body,  generally  that  of  a  guinea-pig  (and  such  a  single  passage 
we  have  not  found  to  affect  cultural  characters),  we  find  that  a  large  number 
(nine  in  all)  are  very  dysgonic  and  approximately  equally  dysgonic,  being  placed 
high  up  in  Grade  I.,  that  four  (IX.  X.  XI.  XXIX.)  are  the  least  dysgonicf  being 
placed  in  Grade  III.,  and  that  the  remainder  are  intermediate  in  character,  Viruses 
V.and  XX V.being  at  the  bottom  of  Grade  II.,that  is  to  say  close  to  Grade  III.  The 
bacilli,therefore,  of  bovine  tuberculosis  occurring  naturally  differ  very  considerably 
in  their  growth  on  artificial  media.  With  some  the  growth  on  the  three  test 
media  which  we  have  employed  is  very  scanty  ;  with  others  the  growth  is 
much  more  abundant,  the  several  viruses  behaving  in  such  a  way  that  one 
passes  in  a  most  gradual  manner,  without  any  marked  break,  from  the  least 
to  the  most  luxuriant,  from  the  most  to  the  least  dysgonic. 

A  striking  feature  of  the  less  dysgonic  viruses  is  the  irregularity  of  their 
growth  ;  they  exhibit  a  certain  reluctance  to  grow,  but  not  always  the  same 
Teluctance  ;  and  they  do  not  always  grow  in  the  same  way ;  the  same  strain  may, 
on  different  occasions,  produce  growths  of  very  different  characters.  These  less 
dysgonic  viruses  appear  to  be  less  stable  in  their  cultural  characters  than  the 
more  dysgonic  ones. 

When  in  the  case  of  a  virus  which  grows  with  great  difficulty  on  a  glycerin 
medium,  such  as  glycerin-serum,  the  scanty  growth  obtained  at  the  first  trial 
on  this  medium  is  replanted  on  the  same  medium,  the  growth  is  found  to  be  some- 
what improved.  By  repeated  "  subculturing  "  in  this  way,  the  amount  of 
growth  on  glycerin- media  may  be  continually  increased  until  full  luxuriance 
is  attained.  Indeed,  in  the  end,  all  viruses  differing  so  much  to  start  with  may, 
with  some  few  exceptions,  be  brought  to  grow  on  glycerin-media  with  equal 
luxuriance.  Moreover,  a  culture  thus  improved  in  growth  may  be  passed  through 
an  animal  body  without  losing  the  improvement  thus  gained. 

We  have  had  several  opportunities  of  studying  the  cultures  of  some  of 
these  thirty  viruses  after  the  virus  had  been  passed  experimentally 
through  the  body  of  a  bovine  or  other  animal,  or  through  several  bodies  in 
succession.  In  most  cases  no  change  in  the  characters  of  the  culture  has  been 
observed  ;  again  and  again,  for  instance,  a  virus  has  been  passed  through  even 
a  succession  of  guinea-pigs  without  any  change  whatever  being  brought  about. 
In  other  cases  some  change  has  been  observed.  If  Dr.  Eastwood's  list  be 
examined,  it  will  be  seen  that  the  several  cultures  belonging  to  Virus  I.  and 
Virus  IV.  occupy  somewhat  different  positions  in  the  list ;  in  some  of  these  in- 
stances the  culture  after  the  passage  through  another  animal  body  is  less  dysgonic, 
in  others  more  dysgonic,  than  the  culture  from  the  original  material.  In  most 
instances  the  changes  have  been  slight,  and  no  importance  can  be  attached 
to  them  ;  but  in  one  instance,  which  has  been  confirmed  by  Dr.  Griffith,  Baboon 
8,  Virus  I,  the  change  has  been  more  marked,  viz.,  from  Grade  I.  to  Grade  III. 

Our  observations  on  these  changes  in  cultural  characters  are  at  present  too 
few  to  enable  us  to  draw  very  definite  conclusions,  but  are  being  continued.  This 
however  at  least  is  clear,  that  the  physiological  processes  which  determine  the 
growth  of  the  bacillus  on  artificial  media,  whatever  be  the  exact  nature  of  those 
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processes  (and  our  knowledge  concerning  them  is  as  yet  most  imperfect),  are 
such  that  the  cultural  characters  do  not  remain  absolutely  fixed  and  constant, 
but  are  subject  to  change,  and  a  change  may  at  times  be  brought  about  by 
passing  the  bacillus  through  an  animal  body. 

42.  Microscopical  Features. — The  bacillus  of  tuberculosis  is  a  very  minute, 
colourless,  almost  transparent  organism,  very  simple  in  structure.  Even  using 
the  best  methods  of  microscopical  inquiry  we  are  able  to  nQte  little  more  than 
its  length  and  relative  breadth,  whether  it  is  straight  or  curved,  and  whether 
when  subjected  to  the  appropriate  staining  reagents  it  stains  uniformly,  or 
intermittently  along  its  length  so  as  to  appear  "  beaded." 

Examined  in  the  animal  tissues  in  which  they  have  grown  the  bacilli  of 
bovine  tuberculosis  are  found  to  be  very  variable  in  every  respect  and  to  present 
many  irregularities.    They  vary  in  length  from  (or  more)  to  about  O'Sfi 

with  a  mean  varying  in  the  several  tissues  from  3  3^  to  126^.  The  percent- 
age of  those  which  are  straight  varies  in  the  several  instances  from  94  to  46,  and 
of  those  which  are  uniformly  stained  from  90  to  22. 

Grown  on  serum,  horse  serum  for  instance,  they  are  much  more  uniform. 
Their  average  length  is  1^  or  a  little  less  ;  they  are  often  all  straight  and  all 
uniformly  stained,  and  the  percentage  never  falls  in  either  respect  so  low  as 
90  The  bacillus  of  bovine  tuberculosis  grown  on  serum  may  be  briefly 
described  as  short,  straight,  and  uniformly  stained. 

Grown  on  other  media,  the  bacilli  are  found  to  be  more  irregular  in  all  these 
features,  and  that,  broadly  speaking,  in  proportion  to  the  luxuriance  of  the 
growth.  On  all  the  three  media  the  bacilli  of  Grades  II.  and  III.  present  greater 
and  more  numerous  irregularities  than  do  the  bacilli  of  Grade  I. 

In  this  irregularity  of  its  scanty  microscopical  features  when  grown  on 
various  media,  and  in  the  relation  of  its  variations  to  the  luxuriance  of  growth,  the 
bacillus  of  bovine  tuberculosis  resembles  other  similar  organisms  of  a  like 
simple  structure. 

The  Bacillus  of  Human  Tuberculosis. 

It  will  be  desirable  to  consider  Group  I.  separately  from  Group  II. 

Group  I. 

43.  Cultural  Characters.  — -We  may  say  at  once  that  the  cultural  characters 
of  the  bacillus  of  this  group  are  in  every  respect  identical  with  those  of  the 
bacillus  of  bovine  tuberculosis.  In  all  cases  the  bacillus  may  be  described  as 
dysgonic,  though  to  a  varying  degree  in  the  several  cases,  and  the  range  of 
variation  coincides  almost  exactly  with  the  range  of  variation  shown  by  the 
bacillus  of  bovine  tuberculosis.  In  one  case  (H.  28  "  C.L.")  the  bacillus  is  as 
dysgonic  as  the  most  dysgonic  of  the  bovine  bacilli,  being  placed  in  Grade  I.  ; 
the  least  dysgonic  (H.  19  "  S.W.",  H.  32  "  Y.W.",  and  H.  7  "  CM.")  are 
placed  in  the  same  position  in  Grade  III.  as  the  least  dysgonic  of  the  bovine 
bacilli,  namely,  B.  IX.,  X.,  XI.  Dr.  Cobbett's  results,  obtained,  as  explained 
in  §  40,  coincide  with  those  of  Dr.  Eastwood.  For  though  he  divides  all  the 
cases  into  two  classes  only,  dysgonic  and  eugonic,  he  places  all  the  cases  of  this 
group  in  his  dysgonic  section  with  the  exception  of  H.  7  "  CM."  which  Dr.  East- 
wood also  finds  to  be  the  least  dysgonic  of  all  the  group. 

To  the  above  bacilli  obtained  from  cases  of  human  tuberculosis  we  may 
now  add  the  bacillus  obtained  from  (H.  2,  "Sp.  A.")  Heifer  11  by  feeding  with 
human  sputum  and  which  was  we  found  (§  34)  to  possess  the  greater 
virulence  characteristic  of  Group  I.  and  of  bovine  tuberculosis.  In  cultural 
characters  also  this  bacillus  agrees  with  those  of  Group  I.  but  with  the  least 
dysgonic  members  of  the  group.  It  is  placed  in  Grade  III.  and  one  strain, 
that  from  Guinea-pig  690,  occupies  a  place  by  itself  at  the  bottom  of  the 
grade  ;  this  position  is  not  inconsistent  with  the  description  of  the  bacillus  by 
Dr.  Cobbett  as  being  eugonic. 

44.  Microscopical  Features. — It  will  be  sufficient  to  say  that  the  micro- 
scopical features  of  the  bacillus  of  Group  I.  are,  in  all  respects,  the  same 
as  those  of  the  bacillus  of  bovine  tuberculosis.    Growing  in  animal  tissues  they 
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exhibit  a  similar  range  of  variation  in  their  several  features,  grown  on  serum 
they  exhibit  the  like  greater  uniformity,  and  grown  on  other  media  they  exhibit 
a  like  relation  of  variation  in  structural  features  to  luxuriance  of  growth. 

If,  for  instance,  we  compare  the  descriptions  of  the  features  of  the  bacilli 
grown  on  horse  serum  of  H.  28  "C.L."  and  of  B.  I.  or  B.  III.,  taking  these  as  typical 
of  the  most  dysgonic  of  the  bacilli  of  Group  I.  and  of  bovine  tuberculosis,  we 
find  them  almost  identical.  Taking  also  the  descriptions  of  the  two  sets  of 
bacilli  as  grown  on  broth,  we  again  find  them  almost  identical. 

If  we  compare,  similarly,  the  descriptions  of  the  bacilli  of  H.  38  Y.W.  and 
B.  XI.,  taking  these  as  characteristically  least  dysgonic  forms,  we  find  again 
a  similar  identity,  both  when  the  bacilli  are  grown  on  horse  serum  and  when 
they  are  grown  on  broth.  A  similar  likeness  holds  good  in  the  case  of  all  the 
viruses  for  all  the  various  grades  of  dysgony  observed  with  the  various  media 
used. 

Group  II. 

45.  Cultural  Characters. — With  this  group  the  results  are  different.  The 
eultural  characters  of  the  bacillus  in  all  the  members  of  this  group  are  different 
from  those  of  the  bacillus  of  Group  I.  and  of  bovine  tuberculosis.  The  several 
cases  exhibit  great  variations  in  the  cultural  characters  of  the  bacillus  ;  but  the 
variations  fall  within  Grades  IV.  and  V.,  with  one  exception  (viz :  H  58  "  F.G-.')' 
which  falls  in  Grade  III.,  which  contain  no  representative  of  Group  I.  or  of  bovine 
tuberculosis  (excluding  the  exceptional  instances  of  Dogs  18  and  50)  ;  and  by 
Dr.  Cobbett's  method  they  are  all  found  to  be  eugonic.  Their  range  of  variation 
is  a  wholly  different  one  from  the  range  of  variation  seen  in  Group  I.  and  in 
bovine  tuberculosis.  It  will  be  remembered  that  Group  II.  does  not  include 
certain  cases,  exceptional  cases,  which  we  shall  have  to  consider  later.  These 
exceptional  cases  are,  however,  included  in  Dr.  Eastwood's  list. 

46.  Microscopical  Features. — When  growing  in  animal  tissues  the  bacilli 
show,  in  their  structural  features,  great  variations,  similar  to  those  seen  in  the 
bacilli  of  Group  I.  and  of  bovine  tuberculosis  ;  the  two  are  in  this  respect  alike. 

When  grown  on  serum  the  bacilli  are  found  to  be  straight,  uniformly  stained, 
and  with  a  length  varying  from  0  ■  5^  to  1  *  5/u  or  2/j.  ;  that  is  to  say  they  resemble, 
in  this  respect,  the  bacilli  of  Group  I.  and  of  bovine  tuberculosis,  with  which 
they  agree  in  their  mode  of  growth  on  serum.  And  this  is  true  both  of  those 
growing  less  readily  (Grade  IV.)  and  of  those  growing  more  readily  (Grade  V.) 
on  other  media. 

When  the  bacilli  growing  on  other  media  are  examined,  and  are  compared 
with  the  bacilli  of  bovine  tuberculosis,  they  are  found  to  be,  on  the  whole, 
longer,  and  especially  to  vary  more  in  length,  to  be  less  regularly 
straight,  and  less  uniformly  stained.  The  extent  of  irregularity  is,  broadly 
speaking,  proportionate  to  the  luxuriance  of  growth.  Since  these  bacilli  all 
grow  more  luxuriantly  on  these  media  than  do  the  bacilli  of  Group  I.  and  of  bovine 
tuberculosis,  they  present  on  these  media  a  difference,  and  often  a  very  marked 
difference,  from  these  bacilli. 

A  Special  Physiological  Reaction. 

47.  When  the  bacillus  of  tuberculosis  is  growing  on  an  artificial  medium 
it  necessarily,  through  the  processes  of  its  growth,  brings  about  chemical  changes 
in  the  medium.  These  are  presumably  very  complex,  and  are  at  present  very 
little  understood ;  we  are  ourselves  carrying  on  some  inquiries  as  to  the  nature 
of  these  changes,  but  are  unable  to  make  any  definite  statement  at  present. 

When  the  bacillus  of  tuberculosis  is  grown  on  glycerin  broth  of  known 
(slight)  alkalinity,  and  the  reaction  of  the  medium  carefully  estimated  from  time 
to  time  as  growth  proceeds,  it  has  been  observed  that  in  some  cases  the  reaction 
of  the  medium  increases  slowly  in  alkalinity,  and  the  increase  continues  so 
long  as  growth  is  observed,  while  in  other  cases  an  initial  increase  of  alkalinity 
is  succeeded,  after  a  while,  by  a  reversal  of  the  reaction,  the  medium  becoming 
acid  and  increasing  in  acidity,  as  growth  proceeds.  The  former  behaviour  is 
shown  by  the  bacillus  of  bovine  tuberculosis,  the  latter  by  the  bacillus  of  Group 
II.  of  human  tuberculosis.  This  result  seems  to  establish  a  physiological  differ- 
ence of  specific  value  between  the  two  cases. 
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We  have  repeated  these  observations  with  great  care  and  can  confirm  the 
general  result.  But  we  find  that  the  development  of  acidity  in  the  medium 
is  so  directly  correlated  with  the  amount  of  growth  as  to  leave  little  doubt  but 
that  the  reason  why  the  acidity  does  not  appear  in  the  broth  culture  of  bovine 
tuberculosis  and  does  appear  in  the  broth  culture  of  Group  II.  of  human  tuber- 
culosis is  simply  because  the  growth  of  the  bacillus  is  so  much  more  luxuriant 
in  the  latter  than  in  the  former.  We  find  moreover  that  the  continuation  of 
alkalinity  is  less  marked  in  the  more  luxuriantly  growing  cultures  than  in  the 
less  luxuriantly  growing  cultures  of  bovine  tuberculosis.  So  that  the  character 
loses  its  special  significance  ;  it  is  merely  a  striking  indication  of  luxuriance 
of  growth,  and  we  cannot  deduce  from  it  more  than  we  can  from  the  luxuriance 
of  growth  itself. 


Summary  of  the  Characters  of  the  Bacillus  of  Tuberculosis. 

48.  The  bacillus  of  tuberculosis  is  a  simple  organism  with  scanty  micro- 
scopical features,  growing  with  varying  ease  or  difficulty  on  various  media. 
The  microscopical  features  of  the  bacillus  itself  and  the  changes  which  it  brings 
about  in  the  medium  on  which  it  is  growing  are  correlated  to,  and  seem  dependent 
on,  the  nutritive  powers  of  the  bacillus  ;  in  this  respect  the  bacillus  of  tuberculosis 
resembles  other  similar  simple  organisms.  This  difference  in  nutritive  and 
so  in  reproductive  power  is  the  essential  difference  between  one  bacillus  of 
tuberculosis  and  another,  the  other  differences  described  above  being  dependent 
on  it ;  and  this  difference  enables  us  to  arrange  all  the  bacilli  which  we  have 
studied  into  two  classes  ;  one  in  which  the  bacillus  grows  with  difficulty  on 
artificial  media  and  which  we  call  dysgonic,  and  another  in  which  the  bacillus 
grows  readily  on  the  same  media  and  which  we  call  eugonic. 

In  the  first  class  we  place  the  bacillus  of  bovine  tuberculosis  and  the  bacillus 
of  Group  I.  of  human  tuberculosis.  These  exhibit  the  same  range  of  growth  on 
various  media  and  the  same  correlated  variations  in  microscopical  features. 
They  are  in  all  respects  one  and  the  same. 

In  the  second  class  we  place  the  bacillus  of  Group  II.  of  human  tuberculosis. 

But  the  demarcation  between  these  two  classes  is  not  a  sharp,  or  broad 
one.  The  members  of  the  former  class  are  not  equally  dysgonic,  nor  are  those 
of  the  latter  equally  eugonic.  In  each  of  them  there  is  a  wide  range  of  growth, 
so  wide  in  each  class  that  the  least  dysgonic  of  the  former  differs  slightly  if  at 
all  from  the  least  eugonic  of  the  latter  class.  And  there  is  a  similar  closeness  in 
the  other  features  correlated  to  the  power  of  growth. 

Hence  the  difference  between  the  two  classes,  that  is  between  the  bacillus 
of  Group  II.  of  human  tuberculosis  and  the  bacillus  of  bovine  tuberculosis  (or 
of  Group  I.  of  human  tuberculosis)  is  one  of  degree  only,  and,  moreover, when  the 
extremes  of  the  two  classes  are  compared  the  one  with  the  other,  is  seen  to  be  a 
slight  one. 


BOVINE  AND  HUMAN  TUBERCULOSIS  COMPARED. 

49.  We  are  now  in  a  position  to  attempt  a  direct  answer  to  the  question, 
are  human  and  bovine  tuberculosis  one  and  the  same  ? 

It  is  obvious,  however,  from  what  has  gone  before  that  in  attempting  the 
answer  we  must  deal  separately  with  the  human  tuberculosis  of  Group  I.  and 
that  of  Group  II. 

Group  I. 

The  results  relating  to  this  Group,  recorded  in  foregoing  paragraphs,  show 
beyond  all  doubt  that  the  tuberculosis  occurring  in  the  cases  forming  this  Group 
cannot,  either  by  the  effects  brought  about  when  the  bacillus  is  introduced  into  the 
bodies  of  bovine  or  of  other  animals,  or  by  the  cultural  and  other  characters  of 
the  bacillus  itself,  or  indeed  in  any  other  way,  be  distinguished  from  bovine 
tuberculosis,  that  is  to  say,  from  tuberculosis  occurring  naturally  in  the  bovine 
animal.    We  may  go  a  step  further. 
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The  tuberculous  material  of  Group  I.  was  supplied  to  us  in  the  form  of 
mesenteric  or  cervical  glands  ;  and  when  the  details  of  the  several  cases  are 
studied,  it  seems  clear  that  the  bacillus  found  an  entrance  into  the  body  by  way 
of  the  alimentary  canal,  through  absorption  from  the  fauces  (cervical  glands)  or 
from  the  intestines  (mesenteric  glands). 

Now,  the  spread  of  tuberculosis  from  man  to  man  is  generally  held  to  take 
place  mainly  through  the  respiratory  passages.  The  bacillus  is  thrown  off  from 
the  body  of  man  mainly  with  the  sputum,  and  through  the  sputum  gains  access 
to  the  human  body  chiefly  in  the  inspired  air,  by  the  channel  of  the  respiratory 
passages.  Some  of  these  air-borne  bacilli  may,  it  is  true,  be  absorbed  from  the 
fauces  before  they  can  reach  the  respiratory  passages  proper ;  and  bacilli  of 
Jiuman  source  may  in  various  ways  contaminate  human  food,  and  be  absorbed 
from  the  intestine ;  but  it  is  generally  considered  that  the  amount  of  infection 
which  takes  place  by  these  means  is  not  great. 

Very  different  are  the  conditions  determining  the  entrance  into  the  human 
body  of  bacilli  coming  from  a  bovine  source.  The  opportunities  for  the  trans- 
mission to  the  body  of  man  by  the  respiratory  passages  of  the  air-borne  bacilli 
coming  from  the  lungs  of  a  tuberculous  cow  are  insignificant  compared  with 
the  abundant  opportunities  for  the  transmission  to  man,  by  the  fauces  or  by 
the  intestines,  of  tubercle  bacilli  present  in  cows'  milk.  We  are  therefore  led 
to  a  conclusion  from  which  there  seems  to  be  no  escape,  not  only  that  the 
tuberculosis  which  was  present  in  each  of  the  cases  of  Group  I.  was  identical 
in  all  its  features  with  bovine  tuberculosis,  but  also  that  the  bacilli  actually 
came  from  a  bovine  animal ;  the  tuberculosis  was  bovine  tuberculosis 
implanted  in  a  human  body. 

In  the  three  cases  in  which  the  materials  studied  by  us  consisted  of 
cervical  glands  removed  by  operation,  there  was  no  evidence  of  disease  in  any 
other  part  of  the  body  ;  and  in  the  case  in  which  the  material  consisted  of  a 
cervical  gland  taken  from  a  child  dying  of  abdominal  tuberculosis,  we  received 
the  cervical  gland  only,  and  can  say  nothing  about  the  abdominal  lesions. 

In  three  of  the  cases  in  which  we  obtained  tuberculous  mesenteric  glands, 
we  were  able  to  study  not  only  the  mesenteric  glands  themselves,  but  also 
tuberculous  lungs  and  other  organs;  and  the  results  obtained  from  these 
other  tuberculous  organs  were  identical  with  the  results  obtained  from  the 
mesenteric  glands ;  the  tuberculosis  in  all  the  affected  organs  was  the  same 
bovine  tuberculosis,  one  form  only  of  bacillus  having  been  found.  The  bacilli 
of  bovine  source  had  not  only  attacked  the  mesenteric  glands  to  which 
they  had  been  brought  directly  by  absorption  from  the  alimentary  canal,  but 
had  also  invaded  distant  organs,  being  carried  thither  by  the  blood  stream 
or  the  lymphatics.  We  may  conclude  beyond  doubt  that  the  whole  disease  was 
caused  by  the  same  bovine  tubercle  bacilli ;  the  children  died  of  bovine  tubercu- 
losis caused  by  bacilli  introduced  by  way  of  the  alimentary  canal,  and  probably 
conveyed  through  cows'  milk. 

In  each  of  the  other  cases  we  have  been  able  to  study  the  nature  of  the 
tuberculosis  in  the  mesenteric  glands  only.  We  are  unable  to  make  any  positive 
statement  as  to  the  nature  of  the  tuberculosis  in  the  other  diseased  organs.  But 
in  our  study  of  these  other  cases  we  have  met  with  no  facts  which  would  prevent 
us  drawing  the  conclusion  that  these  cases,  inasmuch  as  they  agree  with  the 
above  three  cases  in  all  respects  in  which  we  have  studied  them,  agree  also  in 
this,  that  the  whole  disease  was  caused  by  a  bacillus  coming  from  a  bovine 
source. 

We  are  thus  able  to  give  a  positive  answer  to  the  second  term  of  our  refer- 
ence. The  human  body  can  be  infected  by  bovine  tuberculosis.  Moreover,  the 
results  which  we  have  recorded  in  preceding  paragraphs  show  that  the  bovine 
body  can  be  infected  by  tuberculosis  of  human  source,  in  some  cases  to  a 
complete,  in  others  to  a  limited  extent;  bovine  animals  and  man  can 
be  reciprocally  infected. 

But,  it  may  be  urged,  we  have  not  shown  that  human  and  bovine  tuber- 
culosis are  one  and  the  same.  All  that  we  have  shown  by  the  study  of  the 
cases  of  Group  I.  is  that  some  cases  which  are  called  cases  of  human  tuberculosis 
are  in  reality  cases  of  bovine  tuberculosis.  We  must  now  turn  to  the  other 
group. 
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Group  II. 

50.  We  have  seen  (§  37)  that  a  most  marked  difference  in  "  virulence  " 
obtains  between  Group  II.  and  Group  I.  ;  even  in  very  large  doses  the  bacillus 
of  Group  II.  does  not  set  up  generalised  progressive  tuberculosis  in  the  bovine 
animal.  But  we  have  also  seen  that  this  difference,  great  as  it  appears  to  be 
is  a  difference  of  degree  only  ;  for  the  pathological  changes  (  §  36)  which  con- 
stitute the  disease  called  tuberculosis  can  be  set  up  to  a  certain  extent  in  the  bovine 
tissues  by  the  bacillus  of  Group  II.  The  changes  brought  about  by  the  bacillus 
of  Group  II.  and  by  the  bacillus  of  Group  I.  are,  at  the  outset  of  their  respective 
actions,  one  and  the  same  ;  it  is  in  the  sequent  changes  that  the  difference 
is  manifested  ;  apparently  the  weaker  bacillus  of  Group  II.  is  soon  overcome  by 
the  resistance  of  the  tissues,  while  the  stronger  bacillus  of  Group  I.  goes  on  to 
bring  about  the  further  changes  constituting  progressive  tuberculosis. 

We  have  also  seen  (§47)  that  the  bacillus  of  Group  II.  differs  from  that 
of  Group  I.  in  the  properties  which  we  sum  up  under  the  term  "  cultural  char- 
acters." In  all  the  cases  of  Group  II.  the  bacillus  grows  on  artificial  media 
more  readily  than  does  the  bacillus  of  Group  I.  We  may  perhaps  speak  of  the 
bacillus  in  all  the  cases  of  Group  I.  as  being  (more  or  less)  dysgonic  and  of  the 
bacillus  in  all  the  cases  of  Group  II.  as  being  (less  or  more)  eugonic. 

But  while  the  difference  in  virulence  between  Group  I.  and  Group  II.  is 
a  very  marked  one,  creating  a  broad  gap  between  the  two,  the  difference  in 
cultural  characters  is,  so  to  speak,  a  vanishing  one.  The  bacilli  of  the  several 
cases  of  Group  I.  differ  widely  among  themselves  as  to  the  readiness  with  which 
they  grow  on  artificial  media,  as  do  also  and  almost  equally  the  bacilli  of  the 
cases  of  Group  II.,  so  that  the  difference  between  the  least  dysgonic  of  Group  I. 
and  the  least  eugonic  of  Group  II.  is  almost  an  imperceptible  one.  The  connec- 
tion between  virulence  on  the  one  hand,  and  readiness  to  grow  on  artificial 
media  on  the  other  hand,  is  obviously  a  very  complex  one,  liable  to  be  modified 
by  various  contingencies.  It  seems  clear  '  that  in  a  broad  way  "  virulence  " 
and  the  power  to  multiply  on  artificial  media  stand  in  an  inverse  relation  to 
each  other  ;  the  more  virulent  bacillus  of  tuberculosis  grows  with  greater 
difficulty  on  artificial  media  than  does  the  less  virulent  one ;  but  there 
is  no  consistent  parallelism  between  the  one  property  and  the  other.  We  have 
been  unable  so  far  to  find  any  differences  corresponding  to  the  cultural 
differences  in  virulence  between  the  more  dysgonic  bacilli  of  Group  I.  placed 
in  Grade  I.  and  the  less  dysgonic  placed  in  Grade  III.,  or  between  the  less 
eugonic  bacilli  of  Group  II.  placed  in  Grade  IV.  and  the  more  eugonic  placed  in 
Grade  V. 

Notwithstanding  this  want  of  parallelism  we  have  before  us  the  broad  fact 
that  the  bacillus  of  Group  II.,  the  more  common  bacillus  of  tuberculosis  in  man, 
differs  from  the  bacillus  of  Group  I.  and  the  bacillus  of  bovine  tuberculosis,  not 
only  in  being  very  much  less  virulent,  but  also  in  the  way  in  which  the  two 
respectively  grow  on  artificial  media.  The  difference  in  virulence  is  confirmed 
by  the  difference  in  cultural  characters.  The  agents  are  unlike,  and  they  act  in 
unlike  ways. 

In  the  face  of  this  twofold  difference  it  might  seem  impossible  at  first  sight 
to  assert  that  the  human  tuberculosis  of  Group  II.  is  one  and  the  same  as  bovine 
tuberculosis. 


51.  Before,  however,  we  accept  the  conclusion  that  the  two  are  not  one 
and  the  same  certain  aspects  of  the  problem  before  us  have  to  be  considered. 

It  is  a  matter  of  common  bacteriological,  or  rather  biological,  experience 
that  simple  micro-organisms,  similar  to  the  bacillus  of  tuberculosis,  when  grow- 
ing either  in  living  tissues  or  on  artificial  media  may  in  certain  cases  be  so 
influenced  by  their  environment  that,  after  a  longer  or  shorter  time,  their  char- 
acters and  properties  are  changed.  Pathogenic  organisms  may  in  this  way  lose 
or  gain  in  virulence.  Bacteriological  experience  furnishes  us  with  many 
examples  of  a  pathogenic  organism  being  lowered  or  raised  in  virulence,  and 
at  the  same  time  modified  in  its  other  characters,  by  being  cultivated  in  the 
living  tissues  of  this  or  that  animal,  that  is  to  say,  by  being  "  passed  "  through 
the  body  of  this  or  that  animal.  In  such  cases  the  organism  remains  "  one 
and  the  same,"  but  it  is  changed  in  virulence  and  often  in  other  characters. 

Now,  compared  with  many  other  pathogenic  micro-organisms  the  bacillus 
of  tuberculosis  (whether  of  human  or  bovine  source)  is  a  very  stable  organism ; 
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it  does  not  so  readily  exhibit  changes  in  its  characters  as  do  many  other 
pathogenic  micro-organisms.  Our  own  experience  has  given  us  many  in- 
stances of  this  stability.  We  have,  again  and  again,  had  occasion  to  "  pass  " 
a  virus  through  a  considerable  number  of  animal  bodies  and  to  observe  that 
it  was  not  thereby  changed  either  in  virulence  or  in  cultural  characters. 
Again  we  have,  by  repeated  "  sub-culturing  "  often  maintained  a  virus  in  the 
form  of  a  culture  for  a  long  time,  for  many  months,  and  found  that  it  was  not 
modified  by  cultivation  either  in  virulence  or  cultural  characters.  But  this 
stability,  though  great,  may  not  be  absolute,  and  we  are  thus  led  to  the 
question,  May  the  bacillus  of  bovine  tuberculosis  on  the  one  hand,  and  the 
bacillus  of  human  tuberculosis  on  the  other  hand,  exhibit  instability  under 
certain  conditions  ? 

May,  for  instance,  the  bacillus  of  bovine  tuberculosis  be  so  subjected  to  the 
influences  of  some  environment  as  to  be  modified  in  its  properties,  to  lose  in 
virulence  and  to  gain  greater  power  to  grow  on  artificial  media  ?  May  the  bacillus 
of  human  tuberculosis  be  similarly  modified  so  as  to  gain  in  virulence,  and 
lose  its  so-called  "  saprophytic  "  power,  its  power  to  grow  on  artificial  media  ? 
In  other  words,  may  the  bacillus  of  bovine  tuberculosis  by  cultivation  in  living 
tissues,  by  "passage  "  through  some  animal  body  or  bodies,  or  in  other  ways  be 
transformed  into  the  bacillus  of  human  tuberculosis,  and  vice  versa  ? 

These  questions  bring  us  to  the  consideration  of  the  cases  of  tuberculosis 
in  man  yielding  exceptional  results  which  we  have  placed  in  a  group  by 
themselves,  Group  III. 

CONSIDERATION  OF   THE   CASES   FORMING  GROUP  III. 

52.  We  have  placed  these  cases  in  a  Group,  but  they  do  not  form  a  Group 
in  the  sense  in  which  the  cases  of  Group  I.  and  of  Group  II.  form  a  Group. 
In  Group  I.  and  Group  II.  the  cases  in  each  Group  differ  so  little  from  each 
other  as  to  form  an  almost  homogeneous  Group  ;  in  Group  III.  the  cases  differ 
widely  from  each  other ;  we  simply  group  them  together  for  consideration  on 
account  of  their  exceptional  features.  Were  it  not  for  these  exceptional 
features,  some  might  be  placed  in  Group  I.,  others  in  Group  II. 

Case  H.  53.  "  D.H."  was  a  case  of  that  special  form  of  human  tuberculosis 
known  as  Lupus.  Scrapings  from  the  affected  skin  were  injected  into  a 
guinea  pig,  and  from  the  diseased  organ  of  this  animal  a  culture  was  obtained. 

Of  this  culture  (8  months  old)  50  mgrs.  injected  into  a  calf  (905)  gave  rise 
to  a  tuberculosis,  generalised  but  not  severe,  and  not  fatal  within  the  period  of 
observation.  Later  on  50  mgrs.  of  the  same  culture  (14£  months  old)  injected 
into  each  of  two  calves  gave  rise  in  each  to  nothing  more  than  a  limited  retro- 
gressive tuberculosis.  A  culture  obtained  from  the  tuberculous  prescapular 
gland  of  the  calf  first  employed  (905)  and  used  when  quite  fresh,  when  injected  in  a 
dose  of  50  mgrs.  into  each  of  two  calves  gave  rise  in  one  to  a  generalised  progressive 
tuberculosis,  not  fatal,  however,  within  the  period  of  observation,  and  in  the 
other  to  an  exceedingly  limited  retrogressive  tuberculosis.  Injected  in  a  dose  of 
10  mgrs.  into  each  of  two  calves,  the  same  culture  gave  rise  in  one  calf  to  a  general- 
ised tuberculosis,  not  fatal  within  the  period  of  observation  and  indeed  not  severe, 
and  in  the  other  to  a  limited  retrogressive  tuberculosis.  These  results  seem  to 
show  that  the  bacillus  of  this  case  was  intermediate  in  virulence ;  its  virulence  was 
greater  than  that  of  Group  II.  but  distinctly  less  than  that  of  Group  I.  The 
cultural  characters  to  a  certain  extent  correspond.  The  culture  from  the  guinea 
pig  is  placed  by  Dr.  Eastwood  in  his  Grade  III.,  on  a  level  with  Viruses  B.  IX. 
B.  X.,  and  B.  XL  ;  the  culture  from  Calf  905  is  placed  by  him  also  in  Grade  III., 
but  on  a  lower  level. 

It  is  worthy  of  notice  that  the  cultures  obtained  from  this  case  though 
distinctly  falling  below  those  of  Group  I.  (and  bovine  tuberculosis)  in  virulence 
tb wards  calves,  were  virulent  for  rabbits,  producing  fatal  generalised  tuberculosis 
in  so  small  a  dose  as  0'01  mgr.  This  is  the  only  case  we  have  hitherto  met  with  ' 
in  which  a  bacillus  shows  a  marked  difference  in  its  virulence  towards  calves  from 
that  towards  rabbits. 

53.  Case  H.  49  "  T.C.  "  was  a  case  of  a  lad  (set.  18)  with  tuberculous  disease, 
primary  in  the  abdomen,  but  extending  to  the  thorax.  A  culture  was 
obtained  directly  from  the  mesenteric  glands  ;  the  attempt  to  obtain  a  culture 
from  the  lungs  failed. 
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The  culture  (two  months  old)  in  a  dose  of  50  mgrs.  gave  rise  to  fatal  general- 
ised progressive  tuberculosis  in  one  calf  (787)  and  to  a  limited  retrogressive 
tuberculosis  in  another  (797).  It  gave  rise  to  fatal  generalised  progressive 
tuberculosis  in  rabbits,  in  even  so  small  a  dose  as  0.01  mgr.  The  same  culture 
(7  months  old),  when  injected  in  a  dose  of  50  mgrs.  into  each  of  two  calves, 
gave  rise  in  each  to  a  fatal  generalised  progressive  tuberculosis  ;  when  injected 
in  a  dose  of  10  mgrs.  into  each  of  two  calves  the  same  culture  gave  rise  in  one 
calf  to  a  generalised  progressive  tuberculosis  fatal  in  108  days,  and  in  the  other 
to  a  generalised  tuberculosis  not  severe  and  not  fatal  within  the  period  of  observa- 
s  tion.  A  culture  obtained  from  the  prescapular  gland  of  Calf  797  (in  which  the 
original  culture  had  produced  only  a  limited  retrogressive  tuberculosis),  used  as 
a  first  subculture,  the  strain  being  two  months  old,  produced  fatal  generalised 
tuberculosis  in  two  calves  both  in  a  dose  of  50  mgrs.  and  also  in  a  dose  of  10 
mgrs.  ;  it  also  produced  a  rapidly  fatal  generalised  progressive  tuberculosis  in 
rabbits  even  in  so  small  a  dose  as  0.01  mgr. 

The  original  culture  thus  exhibited  a  virulence  somewhat  below  that  of 
Group  I.  ;  this  is  especially  shown  by  the  duration  of  life  after  the  injection  ; 
but  the  second  culture,  that  from  Calf  797,  exhibited  full  virulence.  The 
original  culture  and  the  culture  from  Calf  797  are  placed  by  Dr.  Eastwood  in 
about  the  middle  of  his  Grade  II. 

The  case  therefore  presents  in  the  first  place  a  virulence  tending  to  be 
intermediate  between  the  standard  of  Group  I.  and  that  of  Group  II.,  and 
in  the  second  place  a  change  in,  an  increase  of,  virulence  in  passing  through 
the  body  of  Calf  797.  Further  the  original  culture  when  used  in  the  7th  sub- 
culture (always  on  serum),  the  strain  being  9  months  old,  failed  to  produce 
generalised  tuberculosis  in  rabbits,  and  when  used  in  the  14th  subculture,  the 
strain  being  14  months  old,  failed  to  produce  generalised  tuberculosis  in 
rabbits,  even  in  a  dose  of  10  mgrs.,  and  injected  into  a  calf  in  a  dose  of  50 
mgrs.  produced  only  a  very  limited  retrogressive  tuberculosis. 

Now,  in  respect  to  the  bacilli  of  bovine  tuberculosis  and  the  bacilli  of  Group 
I.,  we  have  carried  out  many  experiments  to  ascertain  whether  or  no  virulence 
is  diminished  by  repeated  subculturing.  We  have  in  no  case  observed  any  such 
diminution.  Such  a  diminution  as  is  shown  by  the  present  case  may  be  taken, 
in  the  absence  of  any  other  explanation,  as  evidence  of  instability.  Hence 
the  virus  of  H.  49  "  T.C."  shows  a  virulence  not  only  intermediate  but  also 
unstable,  its  virulence  appearing  to  be  diminished  by  cultivation  on  an  artificial 
medium  and  to  be  increased  by  passage  through  a  bovine  body. 


Passage  Experiments. 

54.  We  have  placed  in  this  Group  III.  three  cases  in  which  we  obtained 
certain  results  when  the  virus  was  "  passed  "  through  a  series  of  calves  in 
succession.  We  have  placed  them  in  this  Group  for  th:s  reason  only ;  but  for 
this  they  would  have  been  placed  in  Group  II.  We  will  briefly  describe 
the  "  passage  "  experiment  in  each  case. 

In  one  case,  H.  16  "J.H.,"  the  tuberculous  material,  namely,  tuberculous 
synovial  membrane  removed  from  the  knee  joint  of  an  adult,  when  injected 
subcutaneously  into  two  calves  gave  rise  to  a  limited  retrogressive  tuberculosis. 
A  culture  obtained  from  the  affected  organs  of  one  of  these  two  calves 
(Calf  157)  was  very  distinctly  eugonic,  being  placed  in  Grade  V.  ;  and  a 
culture,  obtained  from  the  organs  of  a  guinea-pig  inoculated  with  the  original 
material,  when  injected  subcutaneously  into  calves  in  a  dose  of  50  mgrs.,  and 
intraperitoneally  into  rabbits  in  a  dose  of  10  mgrs.,  gave  rise  to  a  limited  retro- 
gressive tuberculosis.    The  bacillus  of  this  case  clearly  belonged  to  Group  II. 

When,  however,  this  material  was  passed  in  succession  by  subcutaneous 
injection  through  a  series  of  calves,  emulsions  of  the  organs  of  the  animals  of 
the  fifth  and  sixth  passages  gave  rise  to  a  generalised  progressive  tuberculosis, 
and  cultures  obtained  from  these  organs  gave  rise  in  calves  and  in  rabbits  to 
fatal  progressive  tuberculosis.  .  These  cultures,  moreover,  were  highly  dysgonic. 
One  of  them,  indeed  (that  of  Calf  423a),.  was  one  of  the  most  dysgonic  obtained  by 
us  from  a  human  source.  The  bacillus,  then,  present  in  the  organs  of  these 
calves,  infected  after  a  number  of  "passages,"  presented  all  the  characters 
of  the  bacillus  of  bovine  tuberculosis. 
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55.  In  another  case,  H.  13  "A.D.,"  tuberculous  material  obtained  from  the 
bronchial  glands  and  spleen  of  a  child  (set.  4)  who  died  of  acute  generalised  tubercu- 
losis gave  rise  in  each  of  two  calves,  after  subcutaneous  injections,  to  a  very  limited 
retrogressive  tuberculosis,  the  glands  nearest  to  the  seat  of  injection  being  the 
only  parts  obviously  infected.  Unfortunately,  we  obtained  no  cultures  from 
the  original  material  or  from  either  of  the  two  calves ;  we  are  therefore  unable 
to  make  any  exact  statement  of  the  properties  of  the  bacillus  in  these.  But 
a  culture  from  the  organs  of  a  calf  (Calf  301)  rendered  tuberculous  by  the  subcu- 
taneous injection  of  material  derived  from  one  of  the  above  two  calves  after 
passage  through  three  guinea-pigs  in  succession,  gave  rise  in  a  dose'of  50  mgrs. 
in  one  calf  to  a  very  limited  tuberculosis,  and  in  another  to  a  more  generalised  1 
tuberculosis,  which,  however,  did  not  seem  to  affect  the  health  of  the  animal. 
Injected  intraperitoneally  into  a  rabbit  in  1  mgr.  dose  and  even  in  so  large 
a  dose  as  50  mgrs.,  it  gave  rise  to  not  more  than  a  limited  retrogressive  tuber- 
culosis. The  culture  was  eugonic  but  only  moderately  so,  being  placed  in 
Grade  IV.  The  bacillus  present  in  Calf  301  possessed  the  characters  of 
the  bacillus  of  Group  II.  ;  it  was  not,  however,  quite  typical  of  this  group. 

Emulsions  from  the  organs  of  Calf  301,  on  subcutaneous  injection  in  adequate 
doses  into  calves,  gave  rise  to  generalised  progressive  tuberculosis,  and  a  culture 
obtained  from  the  organs  of  one  of  these,  Calf  321,  injected  subcutaneously  into 
calves  in  50  mgr.  doses,  and  intraperitoneally  into  rabbits  in  1  mgr.  doses,  caused 
fatal  generalised  progressive  tuberculosis.  The  culture,  moreover,  was  ex- 
tremely dysgonic,  being  placed  with  the  culture  of  H.  16  mentioned  above  in 
Grade  I.  In  fact  it,  with  a  culture  obtained  by  passage  through  a  rat  from  Calf 
301,  actually  heads  the  list  drawn  up  by  Dr.  Eastwood. 

In  this  case,  again,  though  the  bacillus  of  the  original  material  possessed, 
we  may  conclude,  the  characters  of  a  bacillus  of  Group  II.,  the  bacillus  cultivated 
after  passage,  in  this  case  a  short  one,  possessed  the  characters  of  the  bacillus  of 
bovine  tuberculosis. 

56.  We  also  carried  out  a  "  passage  "  experiment  with  the  bacillus  of 
the  tuberculous  lesions  produced  in  a  calf  by  feeding  with  human  sputum : 
H.  17,  "Sp.  B." 

It  will  be  seen  by  referring  to  §  35  that  the  results  obtained  showed,  in  the 
tuberculosis  set  up  in  each  of  the  four  calves  by  feeding  with  human  sputum, 
the  presence  of  a  bacillus  having  the  lesser  virulence  of  Group  II.  We  can  now 
add  that  the  bacillus  of  a  culture  obtained  from  one  of  the  four  calves,  namely, 
Calf  161  (through  Calf  265),  was  extremely  eugonic,  being  placed  in  Grade  V. 

The  tuberculous  material  of  another  of  the  four  calves  (Calf  169),  after  passing 
through  two  guinea-pigs  was  injected  subcutaneously,  in  the  form  of  an  emulsion 
into  a  calf  (Calf  339).  It  produced  a  limited  retrogressive  tuberculosis  ;  and  a 
culture  from  the  tuberculous  organs  of  this  calf  (through  a  guinea-pig)  was 
very  eugonic,  and  gave  rise  in  calves  in  a  dose  of  50  mgrs.,  and  in  rabbits  in  a 
dose  of  even  50  mgrs.  to  not  more  than  a  limited  retrogressive  tuberculosis. 
Clearly  the  bacillus  of  the  tuberculosis  of  this  Calf  339  possessed  the  characters 
of  a  bacillus  of  Group  II. 

The  tuberculous  material  of  Calf  339  was  injected  in  the  form  of  an  emul- 
sion, not  subcutaneously  but  intravenously  into  a  second  calf,  and  from  this 
in  succession,  in  each  case  intravenously,  in  the  form  of  an  emulsion  into  a 
third,  fourth,  and  fifth  calf. 

An  emulsion  from  the  tuberculous  organs  of  the  fifth  calf  (Calf  553), 
Injected  subcutaneously  in  a  dose  of  150  million  bacilli  into  each  of  two  calves,  gave 
rise  in  each  to  a  fatal  generalised  progressive  tuberculosis.  A  culture  derived 
from  one  of  these  two  calves  (Calf  555)  was  extremely  dysgonic,  being  placed 
in  Grade  I.  ;  and  a  culture  from  Calf  553  itself  (through  a  guinea-pig)  gave 
rise  in  calves  in  even  a  dose  of  10  mgrs.,  and  in  rabbits  in  a  dose  of  0*1  mgr. 
to  a  fatal  generalised  progressive  tuberculosis. 

In  this  case,  again,  the  bacillus  obtained  after  passage  possessed  the  char- 
acters of  the  bacillus  of  bovine  tuberculosis. 

57.  Thus  in  each  of  these  three  cases  the  bacillus  of  the  tuberculous 
materials  made  use  of  either  actually  presented,  or  may  be  assumed  to  have 
possessed,  at  the  beginning,  the  characters  of  a  bacillus  of  Group  II.,  highly 
migonic  and  of  lower  virulence;  but,  after  "passage"  through  bovine  bodies, 
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presented  the  characters  of  a  bacillus  of  bovine  tuberculosis  highly  dysgonic 
and  very  virulent. 

We  have  attempted  to  repeat  these  "  passage  "  experiments,  making  use 
of  two  of  the  three  cases  described  above  and  also  of  four  cases  from  Group  II., 
but  beginning  with  a  culture  not  an  emulsion.  The  result  was  in  each  case 
negative  ;  but  in  none  of  them  can  the  experiment,  for  one  reason  or  other,  as- 
may  be  seen  from  the  details  given  in  the  Appendix,  be  regarded  as  adequately 
parallel  to  the  three  experiments  in  question. 

We  have  also  carried  out  "passage"  experiments  with  rabbits,  passing  the 
material  of  eleven  cases  (one  of  them  H.  16  "  J.H.")  intravenously  or  intraperitone- 
al] y  through  the  bodies  of  rabbits,  making  two,  three,  or  four  or  even  more 
passages  in  each  case.    So  far  the  results  have  been  negative. 

The  negative  result  obtained  in  all  the  above  experiments,  even  admitting 
that  they  were  not  wholly  satisfactory,  at  least  shows  that  the  change  in  the 
characters  and  properties  of  the  bacillus  witnessed  in  the  three  passage  experi- 
ments under  discussion  is  not  an  invariable  result  of  passage.  We  may  safely 
assume  that  in  the  three  experiments  in  question  certain  special  conditions 
were  present,  and  these  special  conditions  determined  that  during  the  passage 
the  initial  eugonic  bacillus  of  low  virulence  was  in  some  way  or  other  replaced 
by  the  final  dysgonic  bacillus  of  high  virulence. 

Instability. 

58.  Before  proceeding  further  it  will  bo  convenient  to  mike  a  brief 
statement  of  certain  results  bearing  on  the  stability  of  the  tubercle  bacillus 
which  we  have  met  with  in  the  course  of  our  investigations. 

We  find  that  the  cultural  characters  are  not  absolutely  stable.  Dysgonic 
bacilli  which  grow  with  difficulty  on  glycerin  serum  or  glycerin  broth 
may  by  repeated  sub-culturing  on  such  a  medium  be  finally  induced  to 
grow  with  ease  upon  it.  The  bacilli  of  Grade  III.,  whether  of  bovine  or 
human  source,  have  been  observed  by  Dr.  Eastwood  to  be  irregular  and 
uncertain  in  their  growth  on  glycerin  media ;  samples  taken  from  the 
same  culture  on  serum  Avill  grow  on  glycerin  broth  and  other  glycerin 
media  in  different  ways,  presenting  different  kinds  of  growth. 

In  respect  to  stability  in  virulence  which  is  not  necessarily  affected 
by  cultivation,  for  we  have  repeatedly  kept  a  strain  for  a  long  time  (in 
one  instance  three  years)  in  cultivation  without  any  lessening  of  virulence, 
the  following  results  deserve  attention  :  — 

In  H.  16,  "  J.H.,"  one  of  the  "  passage  "  experiments,  an  emulsion  from 
the  greatly  diseased  prescapular  gland  of  Calf  273,  affected  with  a  generalised 
though  not  fatal  tuberculosis,  proved  to  be  highly  virulent,  producing  fatal 
generalised  progressive  tuberculosis  in  the  calf  and  in  the  rabbit.  Yet  a 
culture  from  this  gland,  after  having  been  sub-cultured  for  six  generations, 
being  ten  months  old,  did  not  possess  the  virulence  indicated  by  the  emulsion  ; 
it  exhibited  the  low  virulence  of  Group  II.,  and  moreover  was  very  eugonic,  being 
placed  in  Grade  V.,  side  by  side  with  a  culture  from  Calf  157,  injected  with  the 
original  material. 

In  H.  13,  "  A.D.,"  also  a  passage  experiment,  the  long  thoracic  lymphatic 
gland  of  Calf  301,  affected  with  a  fatal  generalised  progressive  tuberculosis, 
gave  a  highly  virulent  emulsion,  causing  fatal  generalised  progressive 
tuberculosis  in  the  calf  and  the  rabbit.  Yet  a  culture  from  this  gland 
injected  in  a  close  of  50  mgrs.  failed  to  produce  this  result ;  it  had  not 
the  virulence  of  the  emulsion,  and  moreover,  when  examined  in  the  third 
sub-culture  was  found  to  be  moderately  eugonic,  being  placed  in  Grade  IV. 

Again  in  the  first  feeding  experiment,  H.  2,  "  Sp.  A.,"  the  emulsion 
from  the  affected  glands  of  Heifer  13  did  not  always  show  the  same 
virulence.  Injected  into  Calf  111,  it  gave  rise  only  to  an  exceedingly 
limited  retrogressive  tuberculosis,  and  a  culture  obtained  through  a  guinea- 
pig  from  the  affected  organs  of  this  calf  also  possessed  a  very  low  virulence. 
Yet  the  same  emulsion  "  passed  "  through  a  guinea-pig  (the  effect  of  which, 
us  we  have  seen  again  and  again,  is  only  to  increase  the  number  of  bacilli, 
not  in  any  way  to  change  their  character)  and  injected  into  Calf  153 
produced  a  fatal  generalised  progressive  tuberculosis,  so  severe  that  it 
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is  impossible  to  attribute  the  result  to  any  special  susceptibility  of  the 
animal. 

We  are,  however,  continuing  our  observations  on  these  apparent  instances 
of  instability. 

We  may  also,  in  this  connection,  call  attention  to  some  striking 
instances  of  want  of  accordance  between  cultural  characters  and  virulence. 
The  culture  from  the  just  mentioned  Calf  111,  though  of  low  virulence, 
was  dysgonic,  being  placed  in  Grade  III.  very  close  to  the  culture  from 
Calf  93,  H.  2,  "  Sp.  A.,"  which  possessed  the  high  virulence  of  Group  I.  It 
should  be  noted,  however,  that  the  cultures  from  the  experiments  of  feeding 
with  sputum  were  irregular  in  their  growth,  so  that  it  was  difficult  to  define 
exactly  the  cultural  characters  of  the  bacillus. 

Again,  the  culture  from  Rabbit  181  (H.  17,  "  Sp.  B"),  though  highly 
virulent,  was  distinctly  eugonic,  being  placed  in  Grade  IV. 

Further,  all  the  bacilli,  whether  of  bovine  or  human  source,  placed 
in  Grade  III.  present  this  feature,  that  while  distinctly  less  dysgonic 
than  the  bacilli  placed  in  Grade  I.  (and,  though  of  course  to  a  less  extent,  than 
those  placed  in  Grade  II.)  they  appear  to  be  quite  as  virulent  as  those  of 
Grades  I.  and  II. 

59.  In  the  cases  then  which  we  have  put  together  in  Group  III.,  and  in 
the  cases  of  feeding  with  human  sputum,  we  have  met  with  the  following : — 

(a)  Bacilli  of  a  character  intermediate  between  Group  I.  and  Group  II. 
(H.  53,  "D.H.,"  H.  49,  "T.C."). 

(b)  Replacement  of  a  eugonic  bacillus  of  low  virulence  by  a  dysgonic  bacillus 
of  high  virulence.  ("  Passage  "experiments  H.  16  "  J.H.,"  H.  13  "A.D.,"  H. 
17  "Sp.  B.") 

(c)  Indications  of  instability  in  virulence  and  cultural  characters,  and  of 
want  of  accordance  between  virulence  and  cultural  characters. 


Two  possible  Explanations  of  the  Cases  of  Group  III. 

60.  When  we  attempt  to  reconcile  the  results  obtained  in  the  passage 
experiments  and  in  the  other  cases  of  Group  III.  with  the  results  obtained  in 
the  cases  of  Group  I.  and  Group  II.,  two  explanations  may  be  put  forward'. 

On  the  one  hand  we  may  suppose,  in  respect  to  the  "passage"  experi- 
ments, that  H.  16,  "  J.H.,"and  H.  13,  "  A.D.,"  and  Calf  169,  H.  17,  "  Sp.  B.,"  were 
in  some  way  or  other  infected  both  with  bacilli  of  human  source,  and  also,  though 
to  a  much  less  extent,  with  bacilli  of  bovine  source,  and  that  hence,  in  each  case, 
the  original  material  contained  bacilli  of  human  source,  possessing  the  characters 
of  Group  II.  (which,  for  brevity's  sake,  we  may  speak  of  as  bacilli  of  human 
tuberculosis),  mixed  with  so  small  a  number  of  bacilli  of  bovine  tuberculosis 
that  the  emulsions,  and  cultures,  of  the  original  material  behaved  as  if  they 
contained  bacilli  of  human  tuberculosis  only,  exhibiting  a  low  virulence  and 
eugonic  characters.  We  may  further  suppose  that,  owing  to  the  great 
resistance  offered  by  the  bovine  tissues,  the  "human"  bacilli,  in  passing 
through  the  bovine  body,  underwent  very  little  multiplication,  whereas  the 
"  bovine  "  bacilli  flourished  and  multiplied  at  a  relatively  much  greater  rate, 
so  that  ultimately  the  latter  wholly  outnumbered  the  former,  and  the  emulsions 
or  cultures  taken  from  the  tuberculous  organs  of  the  animals  last  used 
behaved  as  if  they  contained  bovine  baccilli  only.  In  other  words,  the  special 
conditions  determining  in  these  passage  experiments  the  replacement  of  the 
human  by  the  bovine  bacilli,  were  the  presence  of  both  human  and  bovine 
bacilli  in  the  original  material,  and  the  influence  of  the  bovine  tissues, 
favouring  the  growth  of  the  latter  so  much  more  than  that  of  the  former,  so 
as  to  lead  to  the  complete  or  almost  complete  elimination  of  the  human  element 

We  may  thus,  (though  so  far  we  have  met  with  no  direct  evidence  of  the 
simultaneous  presence  of  bacilli  of  Group  I.  and  II.  in  the  same  patient)  explain 
the  results  obtained  in  the  above  cases  by  the  supposition  that  in  them  we  have 
to  deal  with  a  mixture  of  viruses,  of  a  virus  from  a  human  source  and  a  virus 
from  a  bovine  source,  each  possessing  stable  characters.  ,    •  i .  . 
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61.  On  the  other  hand,  if  we  assume  that  the  characters  of  the  bacillus 
of  tuberculosis  (whether  human  or  bovine)  are  not  always  absolutely  stable 
(we  have  seen  that  some  facts  point  to  this)  we  may  adopt  the  following 
alternative  view : — 

We  may  suppose  that,  in  the  case  of  each  of  the  passage  experiments  the 
original  material  contained  only  slightly  virulent  human  bacilli,  but  that 
these  were  in  a  special  condition  of  instability  ;  so  that  when  subjected  to 
certain  influences  they  became  modified  in  character,  and  transformed  into 
highly  virulent  dysgonic  bovine  bacilli,  these  influences  being  supplied  by 
the  tissues  of  the  bovine  animals,  through  the  bodies  of  which  the  bacilli 
were  passed. 

Similarly  we  may  suppose  'that  highly  virulent  bacilli  from  a  bovine 
source,  lodged  in  the  human  body,  may,  under  certain  conditions,  manifest 
instability ;  may,  under  the  influence  of  human  tissues  become  modified  in 
character,  and  so  may  be  transformed  into  bacilli  possessing  all  the  features 
of  the  bacilli  of  Group  II. 

62.  Whether  the  one  or  the  other  of  these  views  is  the  true  one  must  be 
decided  by  the  observation  of  facts.  By  more  than  one  method,  into  the 
details  of  which  we  need  not  enter  here,  the  two  views  may  be  tested.  By 
these  methods  we  have  made  and  are  making  observations,  by  the  help  of 
which  we  look  forward  to  being  able  to  prove  conclusively  which  of  the  two 
views  is  the  true  one.  But  the  subject  is  so  complicated,  the  inquiry  so  beset 
with  pitfalls  in  the  shape  of  possible  errors,  and  the  conclusion  arrived  at, 
whichever  it  be,  so  far-reaching  in  its  bearings,  that  we  think  it  would 
be  unwise,  at  the  present  stage  of  our  inquiry,  to  make  any  statement  whatever 
about  the  results  which  we  have  so  far  obtained.  At  the  same  time  we  are 
unwilling  to  delay  the  issue  of  the  present  Report  until  this  particular 
line  of  inquiry  is  finished.  So  as  soon  as  we  have  completed  our  observations 
and  are  able  to  deliver  a  decided  judgment  we  shall  report  it  without  delay. 

63.  It  may,  however,  be  worth  while  to  point  out  the  important  practical 
bearings  of  the  inquiry  according  as  the  one  view  or  the  other  is  proved  to  be 
the  true  one. 

Should  it  be  proved  that  the  cases  in  question  were  due  to  an  admixture 
with  the  bacilli  of  human  source  of  a  few  bacilli  of  bovine  source,  the  two 
kinds  always  remaining  distinct  the  one  from  the  other  and  never  becoming 
changed  the  one  into  the  other,  we  should  have  no  need  to  enlarge  appreciably 
our  conception  of  the  extent  to  which  the  human  body  is  subject  to  bovine 
tuberculosis.  Such  cases  of  admixture  must  be  few  and  their  effect  slight ; 
bovine  tuberculosis  in  the  human  body  would  practically  be  limited  to  cases 
such  as  those  which  furnish  Group  I. 

Should,  however,  it  be  conclusively  proved  that  a  eugonic  bacillus  of  low 
virulence  may  be  modified  under  certain  conditions  into  a  dysgonic  bacillus 
of  high  virulence  and  vice  versa,  our  views  as  to  the  relation  of  human  to  bovine 
tuberculosis  must  be  very  different.  Such  a  conclusion  would  lead  to  the 
following  view.  Bacilli  from  a  bovine  source  entering  a  human  body  in  scanty 
numbers  may  become  lodged  there  without  immediately  provoking  a  generalised 
progressive  tuberculosis.  During  their  sojourn  there  they  may  become 
modified  into  eugonic  bacilli  of  low  virulence;  and  they  may  then  give 
rise  either  to  a  limited  tuberculosis  only  or,  under  the  influence  of  certain 
conditions,  to  a  generalised  progressive  tuberculosis.  For  some  time  after 
the  change  they  may  remain  unstable  and  capable  of  reverting  to  their 
bovine  character  under  changed  conditions,  when  subjected  for  instance  to 
the  influence  of  bovine  tissues  as  in  the  passage  experiments.  Or  after  a  long 
stay  in  the  human  body  their  character  may  become  so  fixed  that  they  can- 
not be  distinguished  from  bacilli  conveyed  directly  from  man  to  man. 

It  is  on  account  of  the  far-reaching  bearings  of  the  conclusion  that  we  are 
unwilling  to  make  any  statement  at  all  premature. 

We  may  take  this  opportunity  of  pointing  out  that  time  is  an  essential  factor 
in  dealing  with  a  disease  of  so  chronic  a  nature  as  tuberculosis.  Some  of  its 
problems,  such  for  instance  as  the  possible  change  in  virulence  and  other  characters 
of  the  virus  obtained  from  one  kind  of  animal  by  repeated  passage  from  animal 
to  animal  of  another  species,  can  only  be  settled  after  constant  observations 
extending  over  a  long  period  of  time. 
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64.  Besides  the  methods  described  so  far  by  which  we  have  attempted  to 
answer  the  question  whether  human  and  bovine  tuberculosis  are  one  and  the 
same,  yet  other  methods  are  open  to  us. 

It  is  well  known  that  in  the  case  of  many  diseases  caused,  like  tubercu- 
losis, by  a  micro-organism,  immunity  against  the  disease  may  be  secured  by 
introducing  into  the  body  the  micro-organism  causing  the  disease,  in  such  a  way 
and  in  such  a  small  dose  that  the  disease  thereby  set  up  is  slight  and  transient. 
The  results  obtained  in  this  way  have  been  so  striking  as  to  lead  to  a  general 
acceptance  of  the  view  that  a  micro-organism  which  can  thus  be  used  to  produce 
immunity  against  a  particular  disease  may  be  regarded  as  identical  with  the 
micro-organism  causing  that  disease.  Hence  if  the  bacillus  of  human  tuber- 
culosis can  be  used  to  confer  immunity  against  bovine  tuberculosis,  or  vice 
versa,  we  are  supplied  with  a  further  proof  of  the  identity  of  the  two 
diseases. 

Positive  results  in  this  direction  have  already  been  obtained  by  various 
observers.  We  are  ourselves  making  careful  and  extended  investigations  on 
the  matter  ;  but  we  are  not  yet  in  a  position  to  state  the  results  which  we  have 
obtained. 

A  somewhat  similar  argument  may  be  drawn  from  the  results  of  the  use  of 
"  tuberculin,"  a  preparation  obtained  from  cultures  of  the  bacillus  of  tuberculosis, 
the  subcutaneous  injection  of  which,  in  a  proper  manner,  gives  rise  to  a  definite 
reaction  in  an  animal  body  suffering  from  tuberculosis,  but  to  no  such  reaction 
in  an  animal  body  free  from  tuberculosis.  Now  the  reaction  set  up  in  bovine 
and  other  animals  by  tuberculin  prepared  from  human  tuberculosis  is  in 
every  way  identical  with  the  reaction  set  up  by  tuberculin  prepared  from  bovine 
tuberculosis. 

65.  In  all  which  has  been  recorded  above  we  have  limited  our  inquiry  to 
the  identity  of  human  and  bovine  tuberculosis.  But  the  results  at  which  we  have 
arrived  point  very  strongly  to  the  necessity  of  extending  our  studies  to  the 
tuberculosis  occurring  naturally  in  animals  other  than  man  and  the  ox  ;  and 
indeed  the  terms  of  our  reference  direct  us  to  do  this. 

We  have  already  made  observations  with  this  intent,  and  have  especially 
directed  our  attention  to  the  tuberculosis  so  common  in  pigs,  a  matter  of  great 
practical  importance.  We  propose  to  report  on  a  future  occasion  concerning 
this  and  other  matters  entailed  by  the  terms  of  our  reference. 

Conclusion. 

66.  We  may  briefly  sum  up  the  bearings  of  the  results  at  which  we  have 
already  arrived  as  follows  : — 

There  can  be  no  doubt  but  that  in  a  certain  number  of  cases  the  tubercu- 
losis occurring  in  the  human  subject,  especially  in  children,  is  the  direct  result 
of  the  introduction  into  the  human  body  of  the  bacillus  of  bovine  tuberculosis  ; 
and  there  also  can  be  no  doubt  that  in  the  majority  at  least  of  these  cases 
the  bacillus  is  introduced  through  cows'  milk.  Cows'  milk  containing 
bovine  tubercle  bacilli  is  clearly  a  cause  of  tuberculosis  and  of  fatal  tuber- 
culosis in  man. 

Of  the  sixty  cases  of  human  tuberculosis  investigated  by  us,  fourteen  of 
the  viruses  belonged  to  Group  I,  that  is  to  say  contained  the  bovine  bacillus. 
If,  instead  of  taking  all  these  sixty  cases,  we  confine  ourselves  to  cases  of 
tuberculosis  in  which  the  bacilli  were  apparently  introduced  into  the  body  by  way 
of  the  alimentary  canal,  the  proportion  of  Group  I.  becomes  very  much  larger. 
Of  the  total  sixty  cases  investigated  by  us,  twenty-eight  possessed  clinical  histories 
indicating  that  in  them  the  bacillus  was  introduced  through  the  alimentary  canal. 
Of  these  thirteen  belong  to  Group  I.  Of  the  nine  cases  in  which  cervical  glands 
were  studied  by  us  three,  and  of  the  nineteen  cases  in  which  the  lesions  of 
abdominal  tuberculosis  were  studied  by  us,  ten  belong  to  Group  I. 

These  facts  indicate  that  a  very  large  proportion  of  tubeiculosis  contracted 
by  ingestion  is  due  to  tubercle  bacilli  of  bovine  source. 

A  very  considerable  amount  of  disease  and  loss  of  life,  especially  among 
the  young,  must  be  attributed  to  the  consumption  of  cows'  milk  containing 
tubercle  bacilli.  The  presence  of  tubercle  bacilli  in  cows'  milk  can  be  detected, 
though  with  some  difficulty,  if  the  proper  means  be  adopted,  and  such  milk 
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ought  never  to  be  used  as  food.  There  is  far  less  difficulty  in  recognising; 
clinically  that  a  cow  is  distinctly  suffering  from  tuberculosis,  in  which  case 
she  may  be  yielding  tuberculous  milk.  The  milk  coming  from  such  a  cow  ought 
not  to  form  part  of  human  food,  and  indeed  ought  not  to  be  used  as  food  at  all. 

Our  results  clearly  point  to  the  necessity  of  measures  more  stringent  than 
those  at  present  enforced  being  taken  to  prevent  the  sale  or  the  consumption 
of  such  milk. 

We  desire  to  express  in  the  strongest  terms  how  fully  we  realise  the  great 
assistance  which  we  have  throughout  received  by  the  unwearied  diligence, 
the  tactful  and  resourceful  energy  of  our  secretary,  Dr.  Steegmann 

We  cannot  speak  too  highly  of  the  zeal  and  ability  with  which  our 
investigators,  Drs.  Cobbett,  Stanley  Griffith,  Eastwood,  Frederick  Griffith  and 
Hammond- Smith,  have  carried  out  the  tasks  allotted  severally  to  them.  We 
have  in  the  course  of  the  inquiry  been  greatly  helped  by  the  suggestions  which 
they  have  from  time  to  time  made,  and  we  feel  that  their  constant  and  alert 
co-operation  has  had  a  large  share  in  securing  whatever  value  attaches  to  the 
result  of  our  investigation.  We  should  like  to  express  also  our  appreciation 
of  the  value  of  the  services  rendered  by  the  more  subordinate  members  of  the 
staffs  at  both  farms,  more  especially  by  Mr.  C.  F.  Fox  and  the  laboratory 
assistants  at  Blythwood,  Walpole  and  Royalcot. 

And.  we  cannot  refrain  from  calling  attention  once  more  to  the  unstinted 
generosity  of  Sir  James  Blyth,  who  has  ungrudgingly  extended  his  hospitality 
beyond  the  time  first  suggested  and  has,  with  the  greatest  liberality,  met  our 
every  wish. 

(Signed)       M.  FOSTER,  Chairman. 

G.  SIMS  WOODHEAD. 
SIDNEY  MARTIN. 
J.  McFADYEAN. 
RUBERT  BOYCE. 

Edward  J.  Steegmann,  Secretary. 
January,  1907. 
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INTRODUCTION. 


The  Commission  was  appointed  on  August  3rd,  1901  and  met  for  the  first 
time  on  October  18th  following. 

The  first  two  meetings  were  occupied  with  considerations  of  the  means 
that  were  to  be  adopted  to  solve  the  problems  set  out  in  the  reference. 

Having  been  led  to  understand  that  the  inquiry  was  expected  to  be 
essentially  an  experimental  one,  the  Commission  decided,  in  the  first  instance 
at  all  events,  not  to  examine  witnesses  but  to  institute  the  fullest  possible 
experimental  research  in  laboratories  under  its  own  direct  control.  It  was  decided 
to  carry  out  two  independent  investigations,  one  with  tuberculosis  occurring 
in  bovine  animals,  and  the  other  with  tuberculosis  of  human  origin,  the  two 
investigations  being  kept  strictly  separate,  being  conducted  at  places  situated 
as  far  as  conveniently  possible  from  each  other,  and  each  being  under  the  care 
of  a  qualified  resident  investigator. 

Immediately  after  the  announcement  of  the  appointment  of  the  Commission 
had  been  officially  made,  various  offers  were  received,  on  the  one  hand  of  places 
at  which  experimental  work  could  be  conducted,  and  on  the  other  hand  of 
assistance  and  co-operation  in  carrying  out  experiments  in  laboratories  already 
established.  The  latter  it  was  decided  not  to  accept.  Each  of  the  former  was 
carefully  considered,  the  Secretary  visiting  some  of  them  and  reporting  as  to 
the  extent  and  amount  of  the  accommodation  available,  and  it  was  eventually 
decided  that  the  invitation  given  by  Sir  James  Blyth  to  occupy  one  of  his 
farms  at  Stansted,  in  Essex,  afforded  the  greatest  advantages  from  every  point 
of  view. 

The  Commission  therefore  inspected  the  farm  offered  by  Sir  James  Blyth, 
and  also  a  second  one  in  the  same  neighbourhood  which,  on  learning  that  two 
places  were  required  he  most  generously  placed  at  the  disposal  of  the  Commission 
in  addition  to  the  first,  and  finding  that  these  farms  were  eminently  suitable 
for  the  purpose  the  Commission  accepted  them  and  decided  to  carry  out  the 
work  there. 


The  Experimental  Farms. 

The  first  of  these  places  is  known  as  Blythwood  Farm.  It  is  situated  close  to  Blythwo 
Stansted  in  Essex,  but  the  whole  of  the  portion  of  it  in  the  occupation 
of  the  Commission  is  in  the  county  of  Hertfordshire.  The  total  area  amounts 
to  about  150  acres,  all  of  which  Sir  James  Blyth  was  willing  to  lend,  but  as 
there  was  no  necessity  for  so  great  an  amount  of  land  only  a  portion  of  it,  amount- 
ing to  about  19  acres  was  taken  over,  including  the  farm  buildings  already  there. 
These  farm  buildings  and  the  land  surrounding  them  had  for  a  number  of  years 
been  used  entirely  as  a  stud-farm  for  the  breeding  of  horses.  They  had  not 
been  used  for  keeping  cattle  for  several  years,  and  such  buildings  as  had  been 
at  any  time  occupied  by  these  animals  had  been  practically  rebuilt  since  then. 

The  second  farm  is  known  as  Walpole  and  is  situated  on  the  further  side  Walpole 
of  Stansted,  in  the  county  of  Essex,  at  a  distance  of  about  one  and  a  half  miles 
from  Blythwood.    The  extent  of  the  land  belonging  to  this  farm  is  about  14 
acres,  of  all  of  which  the  Commission  took  possession.   All  the  buildings  on  the 
farm  had  been  recently  newly  erected  and  had  never  been  occupied  by  cattle. 

In  addition  to  these  two  farms  Sir  James  Blyth  placed  at  the  disposal  Koyalcot 
■  of  the  Commission  a  house  for  the  accommodation  of  the  members  or  any  of 
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the  assistants,  and  partially  rebuilt  and  entirely  refitted  it  at  his  own  expense. 
This  house,  known  as  Eoyalcot,  is  situated  in  the  village  of  Stansted,  midway 
between  the  two  farms,  and  it  is  here  that  a  third  laboratory  was  subsequently 
established  in  which  Dr.  Eastwood's  work  is  carried  out. 

All  these  three  places  were  handed  over  by  Sir  James  Blyth  for  a  definite 
period  of  three  years  without  any  payment  of  rent  whatever,  and  at  the  end 
of  that  time,  finding  that  it  was  necessary  to  continue  the  work,  he  allowed 
the  tenancy  to  be  continued  on  similar  terms  for  so  long  a  period  as  might  be 
necessary.  The  first  Eeport  acknowledged  the  great  help  that  Sir  James  Blyth 
had  rendered  in  giving  up  these  places,  and  further  experience  has  only  served 
to  show  that  they  are  most  suitable  for  the  purpose,  and  that  his  liberality  and 
unselfishness  have  materially  assisted  the  investigation. 

It  was  decided  to  utilise  Blythwood  Farm  for  the  investigation  of  tubercu- 
losis of  human  origin,  and  to  erect  laboratories  and  such  additional  buildings 
as  might  be  necessary  for  carrying  out  the  work.  The  Commission  considered 
it  of  great  importance  to  use  every  care  to  prevent  the  spread  of  infection  and 
decided  that  all  the  infected  animals  should  be  kept  always  within  the  sheds  pro- 
vided for  them  and  on  no  account  be  allowed  in  the  fields.  It  was  also  arranged 
that  all  the  litter  and  refuse  from  the  stalls  and  sheds  in  which  the  infected 
animals  were  kept,  as  well  as  the  carcases  of  such  animals  after  being  killed 
and  all  infected  matter,  should  be  destroyed  by  fire.  For  this  purpose  a  specially 
designed  destructor  was  erected  to  consume  the  material  to  be  destroyed  without 
creating  any  nuisance  in  the  neighbourhood. 

The  portion  of  the  farm  occupied  by  the  Commission  is  divided  by  a 
road  passing  from  London  to  Cambridge.  The  part  of  it  containing  all  the 
original  buildings  is  situated  on  one  side  of  this  road,  and  this  portion  of  the 
farm  it  was  decided  to  use  as  the  experimental  side,  reserving  the  other,  on 
which  several  cow-sheds  were  erected,  as  a  quarantine  station  in  which  to  keep 
stock  animals  before  inoculation.  Throughout  the  whole  of  the  work  no 
animals  which  had  once  been  taken  to  the  experimental  portion  of  the  farm  have 
ever  been  removed  from  it,  all  the  carcases  of  animals  that  have  died  or  been 
killed  having  been  burned  in  the  destructor. 

The  laboratory  originally  erected  has  been  from  time  to  time  enlarged 
as  occasion  arose,  and  it  has  proved  necessary  during  the  prolonged  period  of  the 
experiments  to  erect  additional  sheds  or  cages  to  accommodate  the  increased 
number  of  animals  used. 

A  special  building  was  erected  in  which  to  carry  out  the  post-mortem 
examinations  of  the  larger  animals,  and  this  was  put  up  in  close  proximity  to 
the  destructor  so  that  such  portions  of  the  animals  as  it  was  not  necessary 
to  preserve  could  be  destroyed  at  once  without  being  carried  to  a  distant  part  of 
the  farm. 

Owing  to  the  difficulty  of  obtaining  a  supply  of  gas  for  lighting  and 
laboratory  purposes  it  was  necessary  to  instal  an  apparatus  for  making  gasolene. 
This  proved  fairly  satisfactory  for  some  time,  till  a  proper  supply  of  ordinary 
coal  gas,  which  experience  has  proved  to  be  far  more  convenient  and  satis- 
factory, was  obtained. 

A  laboratory,  post-mortem  house  and  destructor  of  exactly  similar  design 
to  those  at  Blythwood  were  also  erected  at  Walpole,  and  various  alterations 
were  made  to  the  existing  buildings  to  fit  them  for  the  purposes  of  the  inquiry. 

At  a  subsequent  period  it  was  found  that  Walpole  was  not  quite  large  enough 
to  accommodate  all  the  experimental  animals  needed  as  well  as  the  stock  animals 
which  it  was  necessary  to  keep  there.  Sir  James  Blyth  again  came  to  the  assist- 
ance of  the  Commission,  and  granted  an  additional  large  field  on  which  cow- 
sheds were  erected. 

Since  it  had  been  already  decided  to  keep  all  the  infected  cattle  under 
cover,  and  not  to  allow  them  to  be  in  any  of  the  fields,  special  care  was  taken  in 
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designing  the  sheds  in  which  they  would  have  to  be  kept.  The  existing  stalls 
which  had  been  designed  for  horses  were  easily  adapted  by  erecting  divisions 
to  make  separate  places,  each  to  contain  one  or  two  animals,  and  by  covering 
the  floors  with  hard  and  impervious  material.  Each  of  these  places  has  a  separate 
entrance  and  the  drainage  from  each  passes  direct  from  it.  The  new  cow-sheds 
that  were  erected  both  at  Blythwood  and  Walpole  were  designed  to  give  the 
greatest  amount  of  light  and  ventilation,  and  to  keep  the  animals  as  far  as 
possible  separate  from  each  other. 

Although  every  possible  despatch  was  used  some  considerable  time  was 
necessarily  occupied  in  erecting  the  various  buildings  and  making  the 
alterations  that  were  required,  and  it  was  not  till  April  1902  that  the 
actual  experimental  work  could  be  commenced  at  Stansted.  The  present 
Report  is  therefore  based  on  the  work  that  has  been  done  between  that 
time  and  November  1906,  a  period  of  about  four  and  a  half  years.  The 
details  of  this  work  are  set  out  in  full  in  the  various  volumes  of  the 
Appendix,  but  it  is  desirable  to  give  a  short  description  of  the  administra- 
tion of  the  farms  and  laboratories  and  the  methods  adopted  in  carrying  out 
the  inquiry. 

Resident  Staff. 

As  already  stated  it  was  decided  that  the  whole  of  the  experimental  work 
should  be  done,  under  the  direct  supervision  and  control  of  the  Commission,  by 
qualified  investigators  residing  at  Stansted,  and  it  was  further  considered  that  it 
would  be  an  advantage  if  the  work  of  erecting  the  buildings  and  laboratories 
should  be  supervised  by  those  who  would  have  to  occupy  them.  As  soon  as 
possible,  therefore,  after  the  first  meeting,  Dr.  E.  St.  B.  Sladen  and  Dr.  Louis 
Cobbett  were  appointed  to  take  charge  respectively  at  Blythwood  and  Walpole 
Farms.  Owing  to  ill-health  Dr.  Sladen  was  obliged  to  resign  his  appointment 
when  the  experimental  work  at  Blythwood  had  only  been  in  progress  for  a  few 
months,  and  on  his  retirement  Dr.  Cobbett  took  over  the  charge  of  Blyth- 
wood. Dr.  A.  Stanley  Griffith  was  then  appointed  to  carry  out  the  investigations 
at  Walpole. 

It  subsequently  become  necessary,  owing  to  the  increase  of  the  work,  to  obtain 
additional  qualified  assistance,  and  Dr.  H.  J.  Hutchens  was  temporarily  ap- 
pointed to  carry  out  certain  special  work  at  Blythwood  under  Dr.  Cobbett' s  super- 
vision, and  Dr.  F.  Griffith  was  permanently  appointed  as  assistant  to  Dr.  A.  S. 
Griffith  at  Walpole. 

'After  the  commencement  of  the  systematic  work  at  Blythwood  and  Walpole  the 
Commission  realised  the  necessity  of  having  a  third  laboratory,  totally  distinct 
from  either  of  the  other  two,  in  which  purely  comparative  work  should  be  carried 
out  on  material  supplied  from  them.  It  was  decided  that  this  comparative  work 
should  at  the  commencement  deal  with  the  histology  of  the  lesions  produced  by 
the  two  chief  types  of  tuberculosis  dealt  with,  namely,  that  obtained  from  human 
and  that  obtained  from  bovine  sources.  To  carry  out  this  investigation 
additional  laboratory  accommodation  was  erected  at  Royalcot  and  placed  under 
the  charge  of  Dr.  Arthur  Eastwood.  Dr.  Eastwood's  work  was  subsequently 
extended  to  a  comparative  study  of  the  cultural  characters  of  the  different  viruses, 
both  human  and  bovine,  and  the  results  of  all  his  investigations  are  published  in 
Volume  IV.  of  the  Appendix. 

At  the  end  of  September  1906  the  Commission,  to  their  great  regret,  lost  the 
services  of  Dr.  Cobbett  on  his  appointment  to  the  Chair  of  Pathology  at  the 
University  of  Sheffield,  and  Dr.  Stanley  Griffith  succeeded  him  in  the  charge  of 
the  work  at  Blythwood,  whilst  Dr.  F.  Griffith  took  over  entire  charge  at  Walpole. 

Almost  the  whole  of  the  work  carried  out  at  Blythwood,  referred  to  in  the 
Report  and  detailed  in  the  Appendix,  has  been  done  by  Dr.  Cobbett.  The 
experiments  on  the  modification  of  virulence  in  the  living  animal  which  are  not 
dealt  with  fully  in  this  Report  have  also  been  conducted  by  him.  Although  he  is 
unable  any  longer  to  take  an  active  part  in  the  work  at  Stansted,  Dr.  Cobbett  will 
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be  informed  as  to  the  progress  of  the  continued  research  on  this  question,  and 
the  Report  he  has  submitted  to  them  on  the  experiments  already  done  will  be 
included  in  the  Appendix  to  a  subsequent  Report  in  which  this  question  will 
be  considered  by  the  Commission. 

The  whole  of  the  investigations  at  Blythwood,  Walpole  and  Royalcot  have 
been  carried  out  under  the  direct  control  of  the  Commission  and  all  experiments 
have  been  arranged  by  them.  But  while  maintaining  a  close  supervision  over  the 
whole  of  the  work,  the  Commission  has  felt  it  desirable  to  allow  the  investigators 
considerable  latitude  in  carrying  out  the  details  of  the  various  experiments,  and 
has  repeatedly  profited  by  the  suggestions  made  by  them.  The  fact  that  none  of 
the  investigators,  though  experienced  in  bacteriological  methods  and  accustomed 
to  original  research,  had  been  specially  engaged  in  investigations  regarding 
tuberculosis,  and  that  they  all  commenced  the  work  with  unbiassed  and  open  minds, 
has  been  of  advantage.  In  an  investigation  extending  over  so  long  a  period  and 
covering  so  large  an  extent  of  scientific  ground  it  is  natural  that  the  views  of  the 
investigators  should  not  in  all  cases  be  wholly  in  accordance  on  certain  minor 
points,  but  the  Commission  has  considered  it  right  to  allow  each  one  of  them  to 
set  forth  not  only  the  definite  facts  arising  out  of  the  experimental  work  but  also 
his  own  views  based  on  the  work  done  by  himself. 

The  great  number  of  animals  both  stock  and  experimental  which  had 
to  be  kept  at  the  two  farms,  and  the  number  of  unskilled  labourers  employed, 
made  it  necessary  to  obtain  the  help  of  an  experienced  farm  manager,  and 
Mr.  Keddie,  who  was  already  well  acquainted  with  both  farms,  was  appointed 
to  take  charge  of  such  matters  as  were  outside  the  experimental  work.  Mr. 
Keddie's  exceptional  knowledge  of  cattle  and  their  proper  management  has 
been  of  material  help, 

Skilled  assistants  were  engaged  to  work  in  the  various  laboratories,  Mr.  C. 
Attoe  at  Blythwood,  Mr.  Peckham  and  Mr.  Clark  at  Walpole,  and  Mr.  Nicholls 
at  Royalcot.  They  have  all  carried  out  the  work  entrusted  to  them  in  this 
capacity  entirely  to  the  satisfaction  of  the  Commission.  A  varying  number 
of  junior  laboratory  assistants  have  also  been  employed  from  time  to  time  as 
necessity  arose.  Mr.  C.  F.  Fox  was  appointed  to  assist  in  keeping  the  records 
and  taking  notes,  and  the  ability  which  he  has  displayed  in  carrying  out  his 
work  has  been  very  marked. 

One  of  the  greatest  cares  has  been  to  prevent  even  the  suspicion  of  infec- 
tion from  one  farm  or  laboratory  being  conveyed  by  any  means  to  another,  and 
to  attain  this  the  most  careful  precautions  have  been  carried  out  throughout 
the  whole  of  the  investigation.  The  staffs  both  of  scientific  assistants  and  farm 
labourers  at  each  of  the  separate  places  at  Stansted  have  been  kept  entirely 
distinct  and  apart  from  each  other,  and  no  man  working  at  one  has  been  allowed 
to  visit  another.  In  addition  the  men  actually  engaged  in  contact  with  the 
infected  animals  have  been  supplied  with  complete  suits  of  washing  material 
which  they  put  on  when  commencing  their  work  and  take  off  when  leaving  the 
farms.  The  members  of  the  Commission  on  their  frequent  visits  to  Stansted 
have,  so  far  as  possible,  avoided  going  to  one  farm  on,  days  when  they  were 
conducting  post-mortem  examinations  or  examining  infected  animals  at  another. 


Experimental  Animals. 

Although  the  work  has  been  mainly  concerned  with  the  tuberculosis  of  boyines 
the  Reference  instructed  the  Commission  to  enquire  into  tuberculosis  in  animals 
generally,  and  it  was  therefore  necessary  to  carry  out  experiments  on  various 
species. 

With  regard  to  bovines  the  Commission  carefully  considered  the  particular 
kinds  which  should  be  used  for  the  experiments.  The  important  point  was 
to  be  able  to  obtain  a  sufficient  supply  of  such  animals  so  far  as  possible  free 
from  tuberculosis  before  they  came  to  the  farms,  and  the  great  difficulty  which 
would  be  experienced  in  doing  this  if  they  were  obtained  from  the  ordinary 
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sources  was  fully  realised.  Almost  all  the  cattle  used  from  the  commencement 
of  the  inquiry  up  to  the  present  time  have  been  Jerseys,  which  are  remarkably 
free  from  tuberculosis.  All  these  animals  were  imported  direct  from  Jersey  with 
the  most  careful  precautions  to  prevent  the  possibility  of  infection  on  the  journey. 
Mr.  Keddie  has  in  all  cases  himself  gone  to  the  island  and  selected  such  animals 
a,3  were  required.  They  have  been  brought  over  from  time  to  time  in  lots  of 
from  twenty  to  twenty-five  and  from  the  hour  of  leaving  the  island  to  their  arrival 
at  Stansted  they  have  been  under  Mr.  Keddie's  immediate  care,  and  in  the 
case  of  calves  have  been  fed  on  the  journey  with  milk  conveyed  in  special  cans 
belonging  to  the  Commission. 

The  occurrence  of  tuberculosis  among  Jersey  cattle  in  the  island  is  extremely 
rare,  but  in  order  to  reduce  to  the  minimum  the  risk  of  experimenting  on  animals 
already  infected,  further  precautions  on  receiving  the  animals  at  the  farms 
have  been  adopted.  Every  bovine  animal  used  has  been  tested  with  tuberculin 
on  the  quarantine  side  of  the  farm  before  being  taken  to  the  other  side.  The 
test  has  always  been  postponed  till  the  animal  had  entirely  recovered  from  the 
fatigue  or  other  effects  of  the  journey,  and  become  accustomed  to  its  new  sur- 
roundings, and  also  till  repeated  observations  had  enabled  the  normal  tempera- 
ture of  each  individual  animal  to  be  determined.  As  a  rule  the  tuberculin 
test  has  been  carried  out  about  three  weeks  after  arrival  at  Stansted. 

The  procedure  adopted  both  at  Blythwood  and  Walpole  for  carrying  out  Tubsrculiu  Test, 
the  tuberculin  test  on  the  non-infected  animals  is  as  follows  :  — 

The  temperatures  are  taken  at  10  a.m.  for  a  varying  period  of  from  one  to 
two  weeks  before  the  test,  and  no  animal  is  tested  unless  its  temperature  is 
normal  and  regular,  and  it  appears  to  be  in  every  way  in  good  health.  On 
the  day  of  the  actual  injection  of  tuberculin  the  temperature  is  taken  twice, 
once  in  the  morning  and  the  second  time  at  5  o'clock  in  the  afternoon.  Im- 
mediately after  taking  the  temperature  for  the  second  time  the  tuberculin  is 
injected.  The  first  record  of  the  temperature  after  injection  is  taken  six  hours 
later,  that  is  about  11  p.m.,  and  after  this  the  temperature  is  noted  every  three 
hours  until  5  o'clock  the  following  day.  By  this  means  a  record  of 
the  temperature  is  obtained  for  a  period  of  twenty-four  hours  after  the  injec- 
tion of  tuberculin. 

The  procedure  for  the  infected  animals  is  the  same  but  as  in  these  cases 
the  temperature  before  the  injection  of  the  tuberculin  is  frequently  abnormal 
the  test  is  not  delayed  on  this  account,  as  in  the  case  of  the  non-infected  animals. 

All  the  tuberculin  used  has  either  been  obtained  from  the  Royal  Veterinary 
College,  or  prepared  by  the  Investigators  in  the  laboratories  at  Stansted. 

A  considerable  amount  of  information  has  in  this  way  been  obtained  as  to 
the  value  of  the  tuberculin  test  as  a  means  for  detecting  the  existence  of  tubercu- 
losis in  bovine  and  other  animals.  This  matter  will  be  dealt  with  in  detail  in 
a  future  report.  For  the  present  it  will  be  sufficient  to  express  the  opinion 
that  the  test  is  one  of  great  value  when  properly  carried  out. 

It  will  be  noted  on  reading  the  detailed  post-mortems  of  the  various  bovine 
animals  included  in  the  experiments  that  in  most  cases  they  were  tested  with 
tuberculin  before  being  killed,  and  in  some  instances  were  tested  more  than 
once  during  the  period  of  infection.  In  the  earlier  part  of  the  investigation 
all  the  infected  animals  were  tested  before  being  killed  in  order  to  gain  informa- 
tion as  to  the  result  of  the  test,  as  well  as  for  a  diagnostic  purpose,  but  this 
was  not  done  in  all  subsequent  cases.  Many  animals  in  which  the  disease 
was  acute  and  which  were  in  an  apparently  dying  condition  before  being  killed 
were  not  tested  after  inoculation,  but  without  exception  all  the  bovines,  and 
most  of  the  larger  animals  such  as  pigs,  dogs  and  goats,  were  tested  before  being 
used  for  experimental  purposes. 

Objection  might  be  taken  to  the  almost  exclusive  use  of  Jersey  cattle  for 
experiments  with  tuberculosis  on  the  ground  that  these  animals  are  supposed 
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to  be  especially  susceptible  to  the  disease.  But  in  the  course  of  the  inquiry 
a  number  of  experiments  on  Shorthorn  cattle  have  been  carried  out,  sufficient 
to  prove  that  this  fear  is  unfounded,  and  that  there  is  no  reason  to  think  that 
Jersey  cattle  are  naturally  more  susceptible  to  tuberculosis  than  other  breeds. 

In  addition  to  bovines,  monkeys,  pigs,  goats,  dogs,  cats  and  various  other 
animals  have  been  used  for  experimental  purposes. 

hropoids.  Experimental  investigations  have  been  carried  out  on  a  considerable  number 

of  Anthropoids,  all  of  which,  with  the  exception  of  two,  have  been  chimpan- 
zees. The  two  exceptions  were  ourang-outangs,  and  the  experience  with  these 
two  did  not  encourage  a  further  use  of  this  species,  since  they  are  difficult  to 
keep  in  captivity.  Both  the  specimens  died  before  any  experimental  results 
had  been  obtained  from  them. 

The  chimpanzee  appears  to  be  the  most  suitable  of  the  anthropoids  fo 
experimental  research.  It  is  the  most  easily  obtained  of  all  of  them,  and  with 
proper  care  is  not  difficult  to  keep  in  captivity.  In  addition,  experience  has 
shown  during  the  inquiry  that  it  is  rare  to  find  a  chimpanzee  affected  with 
tuberculosis  unless  it  has  been  for  a  considerable  time  in  captivity  and  in  contact 
with  men ;  and  the  experience  of  others  confirms  this.  One  observer  has  stated 
that  in  over  100  specimens  examined  by  him  (which  had  been  used  for  experi- 
ments not  connected  with  tuberculosis),  in  only  two  did  he  find  post-mortem 
evidence  of  the  disease. 

jkeyg.  The  early  experiments  on  these  animals  were  done  with  the  ordinary  species 

used  in  laboratory  work,  namely,  the  common  Indian  Rhesus  (Macacus  Rhesus), 
an  animal  which  is  imported  in  large  numbers  and  which  can  nearly  always  be 
easily  obtained.  It  seemed  desirable  however  to  extend  the  investigations  to 
other  kinds  of  monkeys,  and  in  order  to  do  this  it  was  necessary  to  select 
a  species  a  sufficient  number  of  which  could  be  obtained  without  difficulty, 
since  it  was  obviously  useless  to  experiment  on  isolated  specimens  of  different 
kinds.  The  common  African  dog-faced  baboon  (Papio  Porcarius)  which  may  be 
obtained  with  no  great  difficulty,  and  the  lemur,  of  which  sufficient  numbers 
could  be  got  from  time  to  time,  were  therefore  selected. 

With  regard  to  the  Rhesus  a  serious  difficulty  was  met  with  at  an  early  stage 
of  the  investigations.  Several  lots  of  these  monkeys  having  been  purchased 
from  the  ordinary  dealers,  and  one  or  two  of  each  lot  having  been  used  for  ex- 
perimental purposes,  it  was  found  that  some  of  the  others  with  which  they  had 
been  in  contact  subsequently  developed  spontaneous  tuberculosis,  thus  throwing 
doubt  on  the  results  caused  by  the  inoculated  disease  in  the  experimental  animals. 
This  matter  is  referred  to  in  the  experiments  on  monkeys  at  Walpole  with  the 
virus  known  as  B.l. 

It  was  found  that  the  tuberculin  test  in  monkeys  cannot  be  relied  on  in  all 
cases,  however  carefully  carried  out.  In  some  instances  marked  reactions  were 
obtained  after  the  tuberculin  had  been  injected  into  monkeys  in  which  no  tuber- 
culous disease  was  found  on  subsequent  post-mortem  examinations,  and  on  the 
contrary,  a  reaction  occasionally  failed  to  appear  in  animals  which  were  subse- 
quently found  to  be  extensively  affected.  It  was  also  found  from  repeated 
observations  that  the  natural  temperature  of  a  Rhesus  monkey  varies  very  con- 
siderably at  different  times  in  the  day.  It  was  eventually  decided  that,  it  being 
necessary  to  continue  the  observations  on  monkeys,  the  best  means  to  adopt  for 
obtaining  healthy  animals  would  be  to  keep  them  under  observation  for  pro- 
longed periods  before  using  them  for  experimental  purposes,  and  to  use  only  such 
animals  as  gave  every  evidence  of  being  in  good  health,  such  as  growth,  increase 
of  size  and  weight,  and  good  appetite. 

A  quarantine  station  was  therefore  established  in  a  suitable  place  at  Isle- 
worth,  and  cages  were  erected  there  in  which  monkeys  could  be  kept  under  the 
healthiest  possible  conditions.  All  these  animals  used  during  the  greater  part  of 
the  investigation  had,  previous  to  each  experiment,  been  under  observation  for 
periods  of  in  all  cases  more  than  three  months  and  in  many  for  a  much  longer  time 
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at  this  quarantine  station.  -Before  being  used  for  experimental  purposes  they 
were  also  tested  with  tuberculin,  and  as  an  additional  precaution  one  or  two 
animals  out  of  each  lot  purchased  together  were  killed  from  time  to  time  and 
examined.  If  any  one  of  these  animals  was  found  to  show  any  evidence  of 
natural  tuberculosis  none  of  its  fellows  was  used  for  experimental  purposes. 

'The  ordinary  Rhesus  monkey  used  for  laboratory  work  is  as  a  rule  a  young 
animal.  The  Rhesus  grows  to  a  large  size,  and  when  adult  is  savage  and  difficult 
to  handle.  On  two  separate  occasions  a  number  of  adult  Rhesus  monkeys, 
specially  obtained,  were  imported  direct  from  India.  These  animals  were 
caught  in  places  as  far  as  possible  remote  from  human  habitations  and  were 
brought  to  this  country  in  separate  cages,  every  precaution  being  taken  to  avoid 
the  risk  of  infection  on  the  journey.  They  arrived  at  the  quarantine  station  in 
all  cases  within  two  months  of  the  time  of  being  actually  caught,  and  yet  on  both 
these  occasions  one  or  two  of  the  animals  on  arrival  appeared  to  be  in  bad  health, 
and  on  being  killed  were  found  to  be  suffering  from  extensive  tuberculosis.  Their 
fellows  were  all  killed  at  the  quarantine  station  and  nearly  all  of  them  were 
found  to  be  similarly  affected.  An  interesting  point  about  this  experience  was 
that  in  nearly  all  the  cases  some  of  the  tuberculous  lesions  found  on  post- 
mortem examination  were  calcareous,  and  it  seemed  not  unlikely  that  the 
disease  in  these  animals  had  been  contracted  at  a  period  prior  to  the  time  when  they 
had  been  captured.  The  experience  gained  during  the  inquiry  shows  that  the 
young  freshly  imported  Rhesus  monkey  is  more  likely  to  be  free  from  tubercu- 
losis than  the  adult  animal  of  the  same  species ;  but  the  conditions  under  which 
these  young  animals  are  brought  over  large  numbers  being  packed  together  in 
small  cases  and  the  cases  themselves  being  stowed  frequently  in  unsuitable  parts 
of  the  ship  in  which  they  are  conveyed,  tends  to  make  it  somewhat  difficult  to 
obtain  really  healthy  specimens.  Some  of  the  experiments  in  feeding  young 
Rhesus  monkeys  with  tuberculous  milk  were  carried  out  on  animals  which  had 
actually  been  born  in  the  quarantine  station,  whose  mothers,  when  killed,  were 
found  to  be  entirely  free  from  tuberculosis. 


Various  monkeys  which  died,  or  were  on  account  of  apparent  ill-health  killed, 
in  the  quarantine  station  were  found  to  be  suffering  from  diseases  other  than 
tuberculosis,  and  some  doubt  was  caused  at  one  time  by  the  occurrence  of  a 
peculiar  condition  in  the  lungs  of  Rhesus  monkeys  which  bore  some  slight 
resemblance  to  tuberculosis.  Small  tubercles  were  found  in  the  lungs  which  on 
microscopic  examination  were  found  to  contain  an  acid-fast  organism  closely 
resembling  in  appearance  the  tubercle  bacillus.  Inoculations  of  emulsions 
containing  this  bacillus  failed  however,  to  produce  tuberculosis  in  guinea-pigs. 
Careful  examination  by  Dr.  Griffith  of  these  tubercles  revealed  the  presence 
in  each  of  them  of  a  small  cyst  containing  a  living  parasite  hitherto  unidentified. 
As  this  discovery  had  no  special  bearing  on  the  work  of  the  Commission  a  des- 
cription of  it  was  allowed  to  be  published  in  Memoir  No.  18  of  the  Liverpool 
School  of  Tropical  Medicine. 


The  pigs  used  were  obtained  locally  in  the  neighbourhood  of  Stansted,  and  Pigs, 
had  all  been  bred  for  the  purpose  of  being  eventually  killed  and  used  for  food 
as  pork  or  bacon.  Some  of  the  animals  were  of  the  breeds  known  as  Berkshire 
or  large  White  Yorkshire.  Others  were  of  the  breed  peculiar  to  the  district 
known  as  black  and  white  Essex,  and  a  few  were  cross-bred  Yorkshire  and 
Berkshire,  or  Yorkshire  and  Essex.  The  young  animals  when  purchased  were 
from  six  to  eight  weeks  old,  and  in  all  cases  entire  litters  were  obtained,  some 
of  them  being  used  for  experimental  purposes  and  one  or  two  of  the  same  litter 
being  retained  as  controls.  No  pigs  have  been  bought  from  farmers  or  others 
who  have  kept  at  the  same  time  dairy  cows,  so  that  in  all  probability  none  of 
the  pigs  used  had  ever  received  any  cow's  milk  as  food  before  arriving  at  the 
farms  of  the  Commission.  Particular  importance  was  also  attached  to  pur- 
chasing only  such  pigs  as  had  not  been  castrated,  to  avoid  any  possible 
infection  through  that  operation. 

A  considerable  number  of  experiments  has  been  made  on  goats  of  different  Goat?, 
ages,  all  the  adult  animals  having  been  obtained  in  the  neighbourhood  and 
some  of  the  young  ones  having  been  bred  at  the  farms. 
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TLe  dogs  which  have  been  used  were  obtained  elsewhere  than  at  Stansted. 
Most  of  them  had  been  kept  for  some  time  in  the  Quarantine  Station  at  IsV 
worth  before  being  sent  to  the  farms,  and  almost  all  the  puppies  used  had  eitH-r 
been  born  or  kept  there  for  the  first  few  weeks  of  life.  The  mothers  of  all  the 
puppies  have  been  under  observation. 

During  the  greater  part  of  the  time  over  which  the  investigation  has  ex- 
tended a  large  proportion  of  the  rabbits  and  guinea-pigs  used  in  the  experiment 
have  been  bred  at  the  farms. 


Methods  of  Experiment. 

In  considering  the  methods  of  inoculating  animals  which  should  be  adopted 
it  was  decided  to  use  five  different  ways  of  producing  artificial  infection  namely 
feeding  and  subcutaneous,  intra  mammary,  intravenous  and  intraperitoneal 
inoculation.  No  use  has  as  yet  been  made  of  inhalation  as  a  means  of  infection, 
the  great  objections  to  this  method  being  the  difficulty  of  estimating  the  dose 
and  the  danger  of  the  spread  of  infection  to  other  animals. 

ling.  The  feeding  experiments  have  been  of  considerable  extent,  especially  at 

Walpole,  and  are  detailed  in  the  Appendix.  They  have  included  feeding  for 
prolonged  periods,  in  some  cases  extending  to  months,  as  well  as  feeding  by 
single  doses  of  large  or  small  amount.  They  have  been  carried  out  on  animals 
of  different  species  as  well  as  of  different  ages.  At  Walpole  the  tuberculous 
virus  has  been  given  by  the  mouth  in  the  form  of  milk  from  infected  cows  or 
measured  quantities  of  culture,  but  at  Blythwood,  in  addition  to  this,  the  tuber- 
culous virus  contained  in  human  sputum  has  been  given  mixed  with  food. 

ulations.  It  is  not  necessary  to  describe  in  detail  the  methods  of  inoculation  used 

or  of  the  stringent  precautions  always  adopted  in  carrying  them  out. 

In  the  case  of  intramammary  injections  where  the  cow  has,  at  the  time  of 
inoculation  been  suckling  a  calf,  the  calf  has  been  removed  from  its  mother 
immediately  before  the  injection  and  not  allowed  again  to  suck  from  her  till 
after  a  period  of  twenty-four  hours,  when  there  could  no  longer  be  any  risk 
of  it  obtaining  any  of  the  artificial  virus  injected. 

nation  of  The  earliest  inoculation  experiments  consisted  in  injecting  measured 

quantities  of  emulsions  made  either  from  the  original  material  received  at  the 
farms  or  from  material  derived  from  lesions  produced  in  animals  such  as  guinea- 
pigs  by  infecting  them  with  the  original  material.  The  emulsion  before  in- 
jection was  always  examined  microscopically,  and  the  amount  given  depended 
upon  whether  it  contained  tubercle  bacilli  in  large  or  small  quantities.  Con- 
siderable difficulty  was  found  at  first  in  estimating  the  actual  numbers  of  bacilli 
contained  in  such  doses.  Subsequently,  however,  after  many  experiments 
by  Dr.  Eastwood,  a  method  devised  by  him  for  counting  the  numbers  of  bacilli 
contained  in  any  given  emulsion  was  adopted.  This  method  is  described  in 
Dr.  Eastwood's  Report  on  the  Enumeration  of  Tubercle  Bacilli  given  at  the 
commencement  of  Vol.  I.  of  the  Appendix.  The  following  brief  description 
of  the  method  of  preparing  the  emulsions  from  fresh  material  applies  to  both 
Blythwood  and  Walpole. 

The  material  on  arrival  is  carefully  examined,  and  the  portions  are  selected 
which  are  to  be  used  for  sowing  cultures  and  making  emulsion*.  The  surfaces 
of  these  parts,  after  the  removal  in  the  case  of  glands  of  all  sourrounding  fat,  are 
seared  with  a  Paquelin  cautery  and  pieces  of  the  tuberculous  tissue  are  removed 
through  an  incision  made  in  the  centre  of  the  seared  area.  The  pieces  to  be  used 
for  sowing  cultures  are  placed  in  a  small  test  tube,  and  those  from  which  the 
emulsion  is  to  be  made  are  put  in  a  sterilised  porcelain  mortar.  In  the  mortar 
the  tissue  is  first  reduced  to  a  pulp  with  a  glass  pestle,  and  then  emulsified  with 
sterile  salt  solution.  The  emulsion  so  made  is  then  filtered  through  sterilised  muslin 
into  a  sterile  cylindrical  measure  to  strain  off  the  coarser  particles,  and  is  put 
on  cne  side  for  a  sufficient  time  to  allow  the  finer  particles  of  tissue  to  settle. 


47 


When  this  precipitation  has  taken  place  the  supernatant  fluid  is  poured 
off  into  a  sterilised  flask  or  beaker  and  is  ready  for  injection.  Before 
being  used  for  inoculating  animals,  the  emulsion  is  thoroughly  shaken  for  some 
time  in  order  that  the  tubercle  bacilli  contained  in  it  may  be  distributed  through- 
out the  fluid  as  evenly  as  possible. 

In  the  earlier  experiments,  after  a  microscopical  examination  of  the  emulsion 
so  prepared  had  been  made,  it  was  at  once  used  for  injection  into  animals  ;  but 
subsequently,  the  emulsion  having  been  made  in  the  morning,  a  small  quantity 
was  examined  by  Dr.  Eastwood  by  the  method  already  referred  to,  and  the  actual 
injection  into  animals  was  not  made  until  his  report  on  the  number  of  bacilli 
contained  in  a  given  quantity  was  received  at  the  farms.  The  actual  dose 
then  given  to  the  animals  was  based  on  the  enumeration  so  made. 

The  methods  used  for  preparing  cultures  from  the  orignial  material  are 
described  in  the  Reports  on  cultures  given  in  Vol.  III.  of  the  Appendix.  It  was 
found  impossible  in  spite  of  repeated  attempts  to  obtain  a  reliable  method  for 
enumerating  the  actual  number  of  tubercle  bacilli  contained  in  any  given  measure 
of  culture.  When  cultures  are  used  for  inoculation  or  feeding  the  doses  in  all  cases 
are  expressed  in  milligrammes.  The  method  for  obtaining  accurate  doses  is 
described  by  Dr.  Griffith  under  the  head  of  Methods  of  Inoculation  at  the  com- 
mencement of  Vol.  I.  of  the  Appendix.  A  similar  method  was  used  at  Blyth- 
wood  and  the  description  of  it  at  one  place  applies  equally  to  the  other.  It 
will  be  seen  from  this  account  that  in  reality,  although  the  doses  are  expressed 
in  milligrammes,  cubic  millimetres  would  be  more  correct,  but  the  results 
obtained  by  the  volumetric  method  are  in  the  closest  possible  agreement  with 
those  that  would  be  obtained  by  the  gravimetric  method,  as  was  proved  in 
one^instance  in  which  the  culture  was  first  actually  weighed  and  then  esti- 
mated by  the  method  described  by  Dr.  Griffith. 

It  is  not  possible  to  give  an  actual  comparison  between  the  doses  given  in 
emulsion  with  those  given  in  culture.  It  may,  however,  be  stated  definitely 
that  the  great  majority  of  culture  inoculations  have  contained  far  larger  numbers 
of  tubercle  bacilli  than  the  largest  doses  of  tissue  emulsion. 

Material  used  for  Experimental  Purposes. 

The  material  of  which  use  has  been  made  in  the  experiments  has  been  obtained 
almost  entirely  in  London. 

The  specimens  of  bovine  tuberculosis  used  have  come  with  one  exception  Bovine, 
from  the  Royal  Veterinary  College  or  from  the  Metropolitan  Meat  Market. 
A  very  large  number  of  specimens  has  been  examined,  and  altogether  thirty 
different  viruses  of  bovine  animals  have  been  used  for  experimental  purposes. 
The  details  of  these  different  viruses  are  given  in  the  Table  of  Origins,  in  Volume 
II.  of  the  Appendix. 

The  specimens  obtained  from  the  Veterinary  College  were  all  from  animals 
known  to  be  diseased  before  death,  but  those  which  were  obtained  from  the 
Metropolitan  Meat  Market  came  from  the  bodies  of  animals  which  had  been  sent 
there  for  the  purpose  of  being  killed  for  food,  but  in  which  tuberculous  disease 
was  found  to  exist  by  Mr.  King,  the  Chief  Veterinary  Inspector,  or  his  assistants 
when  making  their  usual  examination  of  the  carcases  before  allowing  them  to 
leave  the  slaughter  houses.  All  the  carcases  from  which  specimens  were 
obtained  had  already  been  condemned  as  unfit  for  human  food  before  any  portions 
of  them  were  selected  for  investigation.  The  assistance  received  from  Mr.  King 
and  the  authorities  of  the  Metropolitan  Meat  Market,  the  trouble  which  they  have 
taken  in  reserving  material  for  inspection,  and  the  facilities  which  they  have 
put  at  the  disposal  of  the  investigators  have  been  of  very  material  benefit  to  the 
work  of  the  Commission. 

The  human  viruses  have  been  obtained  from  various  sources,  chiefly  from  the  Human. 
London  hospitals  and  infirmaries,  and  the  Commission  desire  to  record  their 
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appreciation  of,  and  gratitude  for,  the  great  help  received  from  the  authorities  of 
these  institutions  by  their  cordial  co-operation  in  the  inquiry. 

The  Secretary  has  been  notified  regularly  of  operations  or  port-mortem  ex- 
aminations on  cases  that  might  possibly  provide  material  such  as  it  was  desired 
to  obtain,  and  the  clinical  investigator,  Dr.  Hammond- Smith,  has  always  been 
allowed  to  attend  these  operations  or  examinations,  and  every  opportunity  has 
been  given  to  him  for  inspecting  records  and  clinical  notes. 

The  number  of  different  viruses  actually  used,  amounting  in  all  to  sixty,  is  only 
a  portion  of  the  total  number  which  has  been  received  and  investigated. 
The  cases  have  not  been  specially  selected,  but  those  which  were  not  used  for 
actual  experimental  work  were  rejected  after  careful  examination  for  various 
reasons,  such  as  the  small  amount  of  disease  present,  or  the  possibility  of 
decomposition  having  already  commenced.  The  order  in  which  the  different 
viruses  appear  in  the  third  volume  of  the  Appendix  is  the  order  in  which  they 
were  received  from  time  to  time  at  Bly  thwood.  They  are  representative  of  the 
chief  types  of  tuberculosis  as  commonly  found  in  the  human  subject  in  this 
country,  and  they  have  been  obtained  both  from  the  operating  theatre  and  the 
post-mortem  rooms  as  well  as,  in  the  case  of  sputum,  from  hospital  wards. 

Some  of  the  patients  from  whom  material  used  for  experimental  purposes  was 
obtained  by  operation,  have  been  kept  under  observation  for  considerable 
periods  and  visited  at  intervals  by  Dr.  Hammond-Smith.  In  one  case  in  which 
cervical  glands  removed  from  one  side  of  the  neck  were  used  at  Blythwood, 
glands  were  obtained  from  the  other  side  after  a  second  operation  a  year  later. 

The  details  o '  the  various  viruses  of  human  tuberculosis  are  given  in  the 
Blythwood  Table  of  Origins  at  the  commencement  of  Volume  II.  of  the 
Appendix. 

The  material  from  which  viruses  experimented  with  have  been  obtained 
has,  in  the  case  of  material  derived  from  operat'ons,  almost  always  been  received 
at  the  laboratories  on  the  same  day  as  that  on  which  it  was  removed  from  the 
patient,  frequently  within  a  few  hours.  In  the  case,  however,  of  material 
obtained  from  post-mortem  examinations  greater  delay  has  occurred  owing 
to  the  rule  obtaining  in  most  hospitals  that  post-mortem  examinations  are 
not  performed  till  after  the  lapse  of  some  considerable  time  after  death.  In 
cases  where  information  has  been  received  of  the  death  of  a  patient  precau- 
tions have  been  taken  to  prevent  as  far  as  possible  decomposition  of  the  body 
taking  p'ace  before  the  post-mortem  examination.  In  hospitals  unprovided 
with  refrigerating  chambers  the  bodies  have  been  surrounded  by  blocks  of  ice 
and  practically  frozen  by  this  means. 

Special  carrying  boxes  were  designed  by  the  Commiss'on  for  conveying  the 
material  collected  to  the  farms.  The  boxes  contain  a  metal  vessel  with  an  air- 
t  ght  cover  in  which  bottles  containing  the  material,  or,  in  the  case  of  largo  speci- 
mens such  as  lungs,  the  material  itself,  is  placed  mixed  with  ice.  The  space 
between  the  metal  vessel  and  the  sides  of  the  box  is  filled  with  non-conducting 
material  to  prevent  the  melting  of  the  ice.  The  metal  vessels  are  always  care- 
fully sterilised  and  hermetically  closed  at  the  laboratories  at  Stansted  before 
being  returned  to  London  for  further  use,  and  for  each  separate  case  newly 
sterilised  bottles  which  have  not  been  previously  used  are  employed.  The  boxes 
are  locked  after  the  material  is  placed  in  them  in  London,  and  opened  by  dupli- 
cate keys  at  the  laboratories,  and  entirely  distinct  sets  of  boxes  are  used  for  the 
two  farms. 

By  the  courtesy  of  the  authorities  of  the  Great  Eastern  Railway  Company 
the  usual  formalities  necessary  to  the  ordinary  railway  parcel  service  have  been 
dispensed  with,  and  the  locked  boxes  containing  the  specimens  have  been  sent 
from  London  to  Stansted  with  the  minimum  amount  of  delay. 

Statistical  Inquiry. 

In  studying  the  statistics  of  the  occurrence  of  different  types  of  tubercu- 
losis as  shown  by  the  registers  of  death,  the  Commission  considered  that  it  would 


be  of  use  to  obta:n  more  detailed  information  if  possible,  as  to  the  real  extent 
of  abdominal  tuberculosis  as  shown  by  post  mortem  examinations.  For  this 
purpose  various  large  towns  containing  hospitals  in  which  post-mortem  examina- 
tions had  been  made  for  a  long  period  of  years  were  selected,  and  the  services  were 
obtained,  in  each  of  these  places,  of  a  pathologist  to  examine  the  records  for  a 
definite  past  period  and,  so  far  as  possible,  to  find  out  from  them  the  apparent 
primary  seat  of  the  disease  in  patients  who  died  from  tuberculosis,  or  in  whom 
evidence  of  this  disease  was  found  after  death.  A  large  number  of  records 
dealing  with  this  subject  has  been  received  and  will  be  dealt  with  in  a  subsequent 
Report.  But  the  value  of  the  information  thus  obtained  has  not  been  so  great 
as  had  been  hoped,  owing  to  the  fact  that  in  the  majority  of  hospitals  the  post- 
mortem records  do  not  appear  to  have  been  made  in  such  detail  as  would  enable 
an  opinion  to  be  formed  as  to  the  age  ol  the  tuberculous  lesions. 


Special  Investigations  other  than  Those  at  Stansted. 

Certain  researches  which  the  investigators  were  unable  to  undertake  in 
addition  to  their  own  particular  work  have  been  carried  out  for  the  Commission 
by  other  observers  in  their  own  laboratories. 

One  of  these,  an  endeavour  to  obtain  uniform  emulsions  of  cultures  by  a 
particular  method,  was  done  by  Dr.  Nuttall  of  Cambridge.  The  results  of  this 
were  negative. 

Dr.  James  Miller,  of  Birmingham,  has  carried  out  an  investigation  including, 
amongst  other  matters,  the  effect  of  leucocytes  in  hanging  drop  preparation 
on  tubercle  bacilli  of  human  and  bovine  origin.  The  results  of  this  investigation 
are  not  yet  sufficiently  complete  to  be  included  in  the  present  Report. 

In  addition  to  the  pathological  and  bacteriological  problems  the  Commission 
desired  to  investigate  certain  points  connected  with  the  chemistry  of  the  tubercle 
bacillus.  Dr.  Griffith  carried  out  at  Stansted  an  investigation  concerning  the 
change  in  reaction  produced  in  broth  by  the  tubercle  bacillus,  suggested  by 
the  work  done  by  Dr.  Theobald  Smith  in  America.  The  results  of  this  work 
are  given  in  Vol.  III.  of  the  Appendix. 

The  laboratories  not  being  equipped  with  the  apparatus  necessary  for 
the  more  delicate  chemical  problems,  Dr.  Harden,  D. Sc.  of  the  Lister  Institute, 
at  the  request  of  the  Commission,  carried  out  a  series  of  preliminary  investi- 
gations, working  on  cultures  of  tubercle  bacilli  grown  in  the  laboratories  at 
Stansted,  with  a  view  to  investigating  their  chemical  products.  These  pre- 
liminary investigations  having  shown  that  the  methods  proposed  by  Dr.  Harden 
would  be  likely  to  produce  valuable  information  he  is,  at  the  request  of  the 
Commission,  carrying  out  a  similar  research  on  a  more  extensive  scale  at  the 
Lister  Institute. 
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A  BRIEF  HISTORICAL  SKETCH. 


From  the  very  earliest  times  certain  cases  of  wasting  of  the  body,  con- 
sumption, 'phthisis,  were  known  to  be  characterised  by  a  diseased  condition  of, 
or  by  morbid  growths  in  the  lungs  ;  hence  such  cases  were  often  spoken  of 
as  cases  of  pulmonary  consumption,  phthisis  pulmonalis. 

1  From  the  very  earliest  times  also,  among  the  morbid  growths  or  changes 
appearing  in  various  parts  of  the  body,  certain  kinds  were  distinguished  as 
of  white,  creamy,  or  cheesy-looking,  taking  the  form  of  lesions  which  were 
not  abscesses,  and  whose  development  was  not  accompanied  by  the  heat  of 
inflammation.  To  such  growths  or  lesions  Galen,  translating  the  Hippocratic 
term  \oipahg*,  gave  the  name  scrofula'.  And  some  connection  between 
scrophulae  and  pulmonary  consumption  was  admitted  or  suspected  by  many 
observers. 

Towards  the  end  of  the  eighteenth  century,  the  word  "  tubercle " 
(tuberculum)  which  had  of  old  been  used  by  the  anatomists  to  denote  any 
small  rounded  outgrowth  or  prominence  began  to  be  applied  to  certain 
lesions  or  growths  in  the  lungs.  It  was  so  used  by  Stark  (1785),  and  indeed 
had  been  so  used  a  century  before  by  Sylvius  (1695)  ;  but  the  first  detailed 
account  of  "  tubercles  "  in  the  lungs  was  by  Matthew  Baillie  in  1794.  He 
describes  them  as  being  at  first  very  small,  no  larger  than  the  head  of  a  very 
small  needle,  but  subsequently  growing  much  larger  and  often  undergoing 
transformation  into  scrofulous  abscesses.  In  this  condition  they  are,  he  says 
the  cause  of  pulmonary  consumption,  so  common  in  England. 

A  little  later  (1803-5)  Bayle  in  France  discussed  more  fully  the  nature 
of  the  minute  transparent,  grey  tubercles,  of  the  size  of  a  millet  seed  (hence 
the  name  miliary  tubercles )found  in  the  lungs.  He  recognised,  and  this  was 
a  most  important  step,  these  tubercles  as  being  the  outcome  of  a  specific  morbid 
tendency,  a  tuberculous  diathesis.  At  about  the  same  time  the  great  French 
physician,  Laennec,  took  up  the  subject  from  the  clinical  as  well  as  from  the 
anatomical  side.  In  the  lungs,  besides  the  minute  grey  tubercles  or  granulations, 
the  miliary  tubercles  of  Bayle  are  found  other  tubercles  opaque  and  yellow,  of 
various  sizes,  often  softening  into  cheesy  caseous  material  and  ultimately  giving  rise 
to  cavernous  abscesses.  In  addition  to  the  circumscribed  tubercles,  the  substance 
of  the  lung  may  be  infiltrated  by  a  caseous  scrofulous,  or  scrofula-like  material, 
Laennec  discussed  the  relations  of  these  various  forms  of  tubercle  to  each  other 
and  to  scrofula  in  general ;  he  studied  the  relation  of  these  lesions  in  the 
lungs  to  similar  lesions  in  other  parts  of  the  body  ;  and  he  was  led  to  the  con- 
ception of  a  genetic  primal  tuberculous  material  which,  given  off  by  one  tuber- 
culous lesion,  might  be  carried  to  another  part  of  the  body  and  set  up  tuberculous 
lesions  there.  Thus  took  shape  the  idea  of  tuberculosis  (the  word  itself  was 
introduced  by  Schonlein  much  later),  of  a  specific  something  which  mani- 
fests itself  by  morbid  processes,  of  which  "  tubercles  "  form  a  conspicuous 
part,  and  which  is  infectious  in  the  sense  at  least  that  it  can  spread  from  one 
part  of  the  body  to  another,  and  in  some  way  can  invade  the  body  from 
without.  Thus  a  scientific  explanation  was  offered  of  the  very  widespread 
belief  that  pulmonary  consumption,  the  commonest  manifestation  of  tuber- 
culosis, was  contagious,  and  could  be  conveyed  from  one  person  to  another. 

Some  years  later  (1857)  Buhl  gave  a  definite  expression  to  the  view  fore- 
shadowed by  Laennec.  He  maintained  that  each  of  the  caseous  lesions  in  the 
several  parts  of  the  body  might  act  as  centres  in  which  a  tuberculous  virus 
was  generated.  The  virus  absorbed  into  the  blood  from  these  centres,  and  dis- 
tributed through  the  blood  stream  over  the  body,  gave  rise  in  various  tissues 
and  organs  to  new  tuberculous  lesions,  namely,  to  miliary  tubercles,  each  of 
which  might,  by  becoming  caseous,  serve  as  a  fresh  centre  for  the  distribution  of 
the  tuberculous  virus. 
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The  great  development  of  pathological  histology  in  the  middle  years  of  the 
nineteenth  century,  due  largely  to  the  classic  researches  of  Virchow,  while  it 
largely  extended  our  knowledge  of  the  minute  anatomy  of  tuberculous"  lesions, 
to  a  certain  extent  gave  a  wrong  bent  to  inquiries,  by  concentrating  the  attention 
of  observers  too  much  on  the  study  of  anatomical  characters  and  to  the  con- 
clusions which  might  be  drawn  from  them,  the  teachings  of  clinical  and  experi- 
mental study  being  for  a  while  somewhat  neglected.  Thus  Virchow  himself, 
laying  stress  on  general  pathological  processes  as  the  expression  of  the  per- 
verted general  activities  of  the  cells  of  which  the  tissues  are  made  up,  was  led 
to  regard  miliary  tubercles  as  the  only  true  tuberculous  lesions.  -He  held  that 
caseous  and  scrofulous  deposits  and  infiltrations  not  originating  in  miliary 
tubercles  were  not  in  any  way  specific  in  nature,  but  examples  of  the  general 
decay  to  which  new  morbid  formations  were  subject.  We  find  in  the  history 
of  the  various  views  put  forward  during  this  period  an  example,  and  many 
others  may  be  found,  how  general  deductions  based  on  anatomical  obser- 
vations are  apt  to  lead  the  inquirer  astray,  in  the  absence  of  the  more  direct 
knowledge  gained  by  experiments  on  living  animals. 

From  very  early  times  the  experience  of  the  slaughter-house  had 'shown 
that  the  lungs  of  cattle  were  the  seat  at  times  of  morbid  growths  or  deposits, 
of  various  sizes,  forms,  and  consistency,  some  being  of  the  nature  of  abscesses  ; 
and  as  veterinary  science  gradually  developed,  "  pulmonary  phthisis  "  became  a 
common  term  in  respect  to  cattle.  When  in  the  first  half  of  the  nineteenth  century 
these  morbid  changes  in  the  lungs  of  cattle  began  to  be  studied  in  the  light  of 
the  new  ideas  concerning  human  tuberculosis,  most  of  the  observers  came  to  the 
conclusion  that  cattle  were  subject  to  a  tuberculosis  of  the  lungs  identical  with 
the  tuberculosis  of  man. 

All  observers,  however,  were  not  agreed  upon  this  point ;  and,  indeed,  a 
decision  was  rendered  difficult  by  the  frequent  occurrence  in  cattle  of  a  striking 
affection  of  the  peritoneal  cavity,  characterised  by  abundant  outgrowths  from 
the  serous  surfaces,  an  affection  which,  known  in  earlier  times  as  the  "  French 
disease,"  and  supposed  then  to  be  connected  with  syphilis,  was  called  in  English 
"  Grapes,"  and  in  German  Perlsucht,  from  the  pearl  or  grape-like  appearances 
of  the  transparent  outgrowths.  Some  observers  maintained  that  this  affection 
was  essentially  a  form  o  tuberculosis  and  that  accordingly  the  tuberculosis  of 
cattle  was  the  same  thing  as  the  tuberculosis  of  man.  Other  observers,  on  the 
contrary,  insisted  that  this  abdominal  affection  had  no  connection  whatever 
with  tuberculosis  ;  and  some  of  these  were  led  further  to  doubt  whether  the 
lung  tuberculosis  of  cattle,  which  certainly  seemed  to  be  akin  to  the  abdominal 
affection,  was  really  identical  with  that  of  man. 

Thus,  in  the  earlier  years  of  the  latter  half  of  the  nineteenth  century,  while 
it  was  admitted  that  man  was  subject  to  tuberculous  deposits  or  growths  in 
various  parts  of  his  body,  due  to  the  working  of  an  agency,  the  exact  nature  of 
which  was  obscure,  and  that  cattle  were  subject  to  a  disease,  the  manifestations 
of  which  were  in  many  respects  similar,  it  was  by  no  means  clear  that  the  two 
diseases  were  one  and  the  same.  Further,  while  there  were  some  rough  indica- 
tions that  the  disease  could  be  conveyed  from  individual  to  individual,  the 
exact  proof  of  this  was  lacking. 

In  1865  the  predominance  of  the  anatomical  over  the  experimental  method 
of  studying  tuberculosis  was  suddenly  put  an  end  to.  In  this  year  Villemin 
made  known  that  he  had  succeeded  in  making  rabbits  tuberculous  by  the  sub- 
cutaneous injection  of  tuberculous  material  obtained  from  cases  of  phthisis  in 
man,  control  animals  remaining  free  from  tuberculosis.  He  obtained  the  same 
results  by  the  injection  of  tuberculous  material  from  oxen  suffering  from  grapes. 
He  was  able  to  infect  guinea-pigs  also  by  the  same  method,  and,  though  with 
much  less  certainty,  dogs  and  cats. 

He  observed  that  tuberculous  processes  constituting  a  local  lesion  were  set 
up  at  the  seat  of  inoculation,  and  that  later  on,  after  a  period  of  incubation,  the 
tuberculosis  spread  over  the  body  generally.  He  recognised  these  events  as 
showing  that  a  something  infectious  was  introduced  with  the  tuberculous  material, 
that  this  something  reproduced  itself  at  the  seat  of  inoculation,  giving 
rise  to  the   local  tuberculosis,  and  subsequently  was    carried    from  the 
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local  legion,  probably  by  the  blood  stream,  to  distant  parts  of  the  body,  setting  up 
tuberculosis  at  the  points  where  it  was  arrested.  He  even  went  so  far  as  to 
suggest  that  this  something  was  of  the  nature  of  a  living  organism. 

Villemin's  results,  on  being  made  known,  gave  rise  at  once  to  great  experimental 
activity  and  to  much  controversy.  Some  observers  confirmed  Villemin  ;  others 
maintained  that  he  had  been  mistaken,  since,  on  the  one  hand,  they  failed  to 
set  up  tuberculosis  by  the  injection  of  tuberculous  material,  on  the  other  hand, 
they  found  that  tuberculosis  could  be  set  up  by  the  subcutaneous  injection 
of  material  which  was  not  tuberculous,  such  as  various  non-tuberculous  pro- 
ducts, pus  and  the  like,  or  even  of  wholly  inert  matters. 

Among  the  many  investigations  thus  set  on  foot,  two  call  for  special  mention. 

Chauveau  in  1868  showed  that  heifers  might  be  rendered  tuberculous  not 
only  by  subcutaneous  or  intravenous  injection,  but  also  by  the  simple  plan  of 
feeding.  He  fed  heifers  with  the  tuberculous  material  obtained  from  cases  of 
abdominal  tuberculosis  in  the  ox ;  these  became  tuberculous  while  control 
animals  remained  free  from  tuberculosis.  Chauveau  also  made  a  more  general 
contribution  to  the  subject  by  the  researches  in  which  he  brought  forward 
reasons  for  thinking  that  in  contagious  diseases  the  "  contagium  "  was  of  a 
particulate  nature,  consisted  of  solid  particles,  not  of  a  something  dissolved 
in  a  fluid. 

In  1877  Cohnheim  and  Salamonsen  (repeating,  though  unaware  of  doing 
so,  in  a  more  complete  manner,  an  experiment  made  five  years  before  by 
Armanni),  introduced  into  the  anterior  chamber  of  the  eye  of  a  rabbit  a  minute 
fragment  of  tuberculous  material  obtained  in  as  fresh  a  condition  as  possible. 
The  immediate  effects  of  the  slight  operation,  conducted  with  all  necessary 
precautions,  soon  passed  away.  The  minute  fragment,  visible  in  the  anterior 
chamber,  could  be  seen  to  diminish  ;  it  might  even  disappear  all  together, 
being  wholly  absorbed  ;  and  for  a  while  no  effects  at  all  seemed  to  have  been 
produced.  After  the  lapse,  however,  of  some  days,  granulations  appeared  on 
the  iris,  the  aqueous  humour  became  cloudy,  and  upon  examination  the  eye 
was  found  to  be  the  seat  of  a  tuberculosis  developing  in  the  clearest  manner. 
In  different  rabbits,  the  subsequent  progress  of  events  differed  ;  but  in  many 
cases  the  local  affection  of  the  eye  was  followed  by  a  fatal  generalised  pro- 
gressive tuberculosis  of  the  body.  No  such  tuberculous  affection  of  the  eye 
with  consequent  results  followed  the  like  injection  of  material  not  tuberculous 
in  nature,  or  even  of  tuberculous  material  itself,  provided  that  that  material 
had  been  previously  boiled  for  an  adequate  time. 

This  research  was  of  the  greatest  value  since  it  allowed  a  test  experiment  to 
be  carried  out  with  every  possible  precaution,  and  the  whole  process  to  be  actually 
observed  by  direct  inspection  at  every  step.  Cohnheim  expounded  in  a  most 
lucid  manner  the  bearings  of  the  results  which  he  had  obtained,  showing  how 
they  clearly  demonstrated  the  infectious  nature  of  tuberculosis,  and  how  they 
pointed  to  the  agent  of  the  infection  being  a  micro-organism. 

The  deduction  drawn  by  Cohnheim  was  soon  proved  by  actual  observation. 
More  than  one  observer  claimed  to  have  discovered  in  tuberculous  lesions  a 
micro-organism  possessing  the  sought  for  infective  properties  ;  but  our  knowledge 
of  the  true  organism  dates  from  1882,  when  Koch  gave  the  first  account  of  the 
researches  which  had  led  him  to  detect  in  all  tuberculous  material  examined 
by  him  the  presence  of  a  bacillus  with  special  characters,  since  known  as  the 
bacillus  tuberculosis. 

By  employing  special  methods  of  staining  he  was  able  to  prove  the  presence 
of  this  bacillus  in  both  the  miliary  grey  granulations  and  in  the  caseous  deposits  of 
the  lungs,  in  the  tuberculous  lesions  of  the  liver,  spleen,  kidney,  lymphatic  glands, 
and  other  organs,  and  in  the  sputum  of  phthisical  persons.  He  found  the  bacillus 
present  in  the  tuberculosis,  not  only  of  man,  but  also  of  monkeys,  oxen,  pigs, 
cats,  rabbits,  guinea-pigs,  and  of  fowls.  By  making  use  of  solidified  and 
sterilised  serum,  he  was  enabled  to  obtain  pure  cultures  of  the  bacillus  ;  and 
these  cultures  injected  into  the  bodies  of  guinea-pigs  and  other  animals  gave  rise 
to  tuberculosis. 


With  this  discovery  of  the  bacillus  by  Koch  our  knowledge  of  tuberculosis 
became  at  once  sure  and  precise.    It  was  clear  that  the  disease  was  due  to  the 
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action  of  the  bacillus  on  the  organism  which  it  had  invaded  ;  we  were  hence- 
forward furnished  with  definite  criteria  enabling  us  to  judge  whether  lesions 
were  really  tuberculous  or  not ;  and  a  way  was  opened  for  the  prevention  of  the 
disease  by  barring  the  way  to  the  entrance  of  the  bacillus  into  the  human  or  other 
organism. 

Koch's  researches  naturally  excited  fresh  and  renewed  investigations  on  the 
part  of  others  as  well  as  of  himself  ;  rapid  advances  were  made  in  our  knowledge 
of  the  bacillus,  and  the  technical  methods  of  ascertaining  its  presence,  recognising 
its  characters  and  securing  adequate  cultures,  were  speedily  developed. 

For  some  considerable  time  the  bacillus  giving  rise  to  the  disease  was  con- 
sidered both  by  Koch  himself  and  by  others  to  be  the  same  organism,  whether 
the  disease  occurred  in  man  or  in  any  other  of  the  animals  subject  to  it.  After 
a  while,  however,  the  inquiries  of  many  observers,  especially  those  of  Straus  and 
Gamaleia  in  1891  made  it  clear  that  the  tuberculosis  of  fowls  and  other  birds 
differed  from  that  of  mammals.  The  bacillus  of  avian  tuberculosis  was  found 
to  be  unlike  that  of  mammalian  tuberculosis  in  many  of  its  microscopic  char- 
acters, in  its  cultural  features,  and  especially  in  its  effects  when  introduced  into 
the  bodies  of  animals.  Thus,  whereas  the  bacillus  of  the  tuberculosis  of  man  or 
of  the  ox  readily  produced  tuberculosis  when  injected  into  the  bodies  of  guinea- 
pigs  even  in  very  small  doses,  the  bacillus  of  avian  tuberculosis  failed  to  do  so 
even  in  very  large  doses  ;  and  other  similar  discrepancies  were  observed.  Hence 
the  bacillus  of  avian  tuberculosis  came  to  be  recognised  as  an  organism  distinct 
from  the  bacillus  of  mammalian  tuberculosis. 

The  bacillus  of  tuberculosis  being  studied  not  only  from  a  mxroscopical 
but  also  from  a  chemical  point,  it  was  soon  ascertained  that  the  bacillus,  in 
the  course  of  the  physiological  processes  attendant  on  its  growth  and  multiplica- 
tion, gave  rise  to  various  chemical  substances,  some  of  which  had  a  toxic, 
poisonous  effect  when  introduced  into  the  bodies  of  animals.  And  it  became 
recognised  that  the  excretion  of  these  toxic  substances  by  the  bacillus  while 
it  was  setting  up  tuberculous  processes  in  the  body  which  it  had  invaded,  played 
a  not  unimportant  part  in  the  development  of  the  disease. 

These  chemical  products  of  the  bacillus,  toxic  and  other,  were  found  to 
be  present  in  artificial  cultures  of  the  bacillus,  being  chiefly  at  least  retained 
in  the  bodies  of  the  bacilli  and  capable  of  being  extracted  from  these  in  the 
form  of  a  solution  by  the  appropriate  use  of  glycerin  and  other  reagents. 
To  such  a  more  or  less  purified  solution  of  these  products  the  name  tuberculin 
was  subsequently  given. 

Koch  was  at  first  led  to  believe  that  the  action  of  tuberculin,  that  is  to  say, 
of  some  or  other  of  the  products  contained  in  the  mixture  called  tuberculin, 
was  antagonistic  to  the  pathogenic  activity  of  the  bacillus,  that  if  introduced 
into  a  body  suffering  from  tuberculosis,  it  would  arrest  or  even  cure  the  disease. 
In  this  he  proved  to  be  mistaken  ;  but  the  various  observations  on  the  effects 
of  the  administration  of  tuberculin  brought  to  light  this  remarkable  fact  that 
a  dose  of  tuberculin  which  has. little  or  no  effect  on  a  healthy  body,  produces  a 
marked  reaction,  a  disturbance  marked  among  other  symptoms  by  a  distinct 
rise  of  temperature,  when  given  to  the  same  body  suffering  from  tuberculosis. 
So  clear  and  precise  are  these  results  that  tuberculin  has  come  into  common 
use,  as  a  test  for  the  presence  of  tuberculosis.  If  a  certain  dose  (the  dose  differs 
with  different  animals)  of  properly  prepared  tuberculin  be  injected  subcu- 
taneously  into  the  body  of  an  animal  (or  of  a  man)  a  subsequent  marked  rise  of 
temperature  may  be  accepted  as  a  proof  that  the  animal  is  suffering  from 
tuberculosis. 

Although  as  stated  above  the  bacillus  of  avian  tuberculosis  was  early 
recognised  as  distinct  from  that  of  mammalian  tuberculosis,  the  latter  con- 
tinued to  be  regarded,  at  least  by  most  observers,  as  the  same  in  all  kinds  of 
mammals.  The  bacillus  of  human  tuberculosis  was,  for  instance,  considered 
as  identical  with  the  bacillus  of  bovine  tuberculosis.  At  the  International 
Medical  Congress  held  in  London  in  1900,  Koch  brought  forward  the  view  that 
bovine  and  human  tuberculosis  were  quite  distinct.  He  asserted,  as  the  result 
of  his  experiments  and  inquiries  that  the  bacillus  of  human  tuberculosis  was 
unable  to  give  rise  to  tuberculosis  in  the  ox,  and  maintained  that  bovine 
tuberculosis  could  not  be  the  cause  of  tuberculosis  in  man. 
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MEMORANDUM  ON  THE  RESULTS  OF  THE  EXPERIMENTS  UP;TO 

NOVEMBER  14th,  1900. 


I. 

EXPERIMENTS  WITH   TUBERCULOUS  VIRUSES  OF  BOVINE  ORIGIN. 

T.    Origin  op  the  Different  Strains  of  Bovine  Viruses. 

The  viruses  used  in  the  investigation  are  thirty  in  number  (Viruses  B.  I.  to  XXX.),  and 
include  all  those  with  which  experiments  have  been  performed.  A  complete  record  of  the  extent 
■  of  the  tuberculous  lesions  of  the  animals  from  which  the  viruses  were  obtained  was  not  possible , 
as  most  of  the  material  was  obtained  from  the  slaughter-house,  but  as  far  as  could  be  ascer- 
tained, the  cases  of  bovine  tuberculosis  may  be  considered  as  fairly  typical  of  the  chronic 
tuberculosis  which  occurs  naturally  in  bovines.  The  material  used  for  investigation  included 
tuberculous  lesions  of  the  thoracic  glands,  lungs  and  pleurae,  mesenteric  glands  and  bronchial 
glands.  Many  of  the  animals  from  which  these  lesions  were  obtained  were  in  good  general 
condition  when  killed,  the  lesions  present  being  calcareous,  and  not  extensive. 

With  these  lesions  in  five  of  the  viruses  emulsions  were  made  and  injected  into  animals  ; 
and  from  all  the  viruses  cultures  were  obtained,  either  directly  from  the  original  material,  or 
from  the  lesions  in  a  guinea-pig,  rabbit  or  bovine,  which  had  been  inoculated  with  the  original 
material.  The  cultures  so  obtained  were  used  for  inoculation  and  feeding  experiments. 
The  experimental  results  may  be  considered  under  the  following  headings  : — (1)  Character  of 
the  cultures  obtained  ;  (2)  Effects  of  inoculation  and  feeding  in  Bovines  ;  (a)  In  the  form  of 
emulsions,  (b)  In  the  form  of  culture  ;  (3)  Effect  of  inoculation  and  feeding  in  rabbits  and 
guinea-pigs  ;  (4)  Effects  of  inoculation  into,  and  feeding  of,  other  animals  than  the  above. 


1.    Character  of  the  Cultures  Obtained. 

Dr.  Griffith  finds  that  an  egg  medium  is  of  the  greatest  service  in  obtaining  primary 
cultures  of  the  bacillus.  Cultures  were  obtained  in  the  case  of  all  the  viruses,  and  were 
subjected  to  a  continuous  study,  both  by  Dr.  Griffith  and  Dr.  Eastwood.  They  bothagree 
that  all  the  bacilli  of  bovine  tuberculosis  can  be  divided  into  three  groups  according  to 
their  mode  of  growth.  They  all  grow  on  serum,  and  the  characters  of  the  growth  are 
the  same  for  all  viruses,  a  uniform  grey  layer  being  formed  at  the  end  of  the  first  week, 
increasing  until  the  third  week,  when  the  growth  apparently  ceases.  By  the  growth  on 
glycerin  media  the  viruses  can  be  differentiated  into  three  grades. 

In  Grade  I.  on  glycerin  serum  no  growth  is  observed  till  the  second  or  third  week,  when 
discrete  colonies  appear,  and  at  the  end  of  six  weeks  the  growth  may  be  equal  to  that  on  pure 
serum.  This  grade  is  characterised  therefore  by  the  initial  delay  of  the  growth  on  glycerin 
serum.  To  it  belong  thirteen  viruses,  viz.,  B.  L,  B.  III.,  B.  IV.,  B.  VI.,  B.  XII.,  B.  XIII, 
B.  XV.,  B.  XVII.,  B.  XVIII.,  B.  XIX.,  B.  XXL,  B.  XXIV.,  B.  XXVI. 

In  Grade  II.  the  growth  on  glycerin  serum  from  the  outset,  and  up  to  the  end  of  the  second 
week,  is  similar  in  appearance  to  that  on  serum  alone  and  about  equal  in  amount,  the  final 
amount  of  growth  varying  to  some  extent  with  the  different  viruses.    To  this  grade  belong 
eleven,  viruses  viz.,  B.  II.,  B.  VII.,  B.  VIIL,  B.  XIV.,  B.  XVI.,  B.  XX.,  B.  XXII 
B.  XXIIL,  B.  XXVIL,  B.  XXIX.  and  B.  XXX. 

In  Grade  III.  the  growth  during  the  first  week  on  glycerin  serum  is  more  abundant  than 
on  pure  serum,  and  progressively  increases  until  it  becomes  at  the  end  of  the  fourth  week 
two  or  four  times  greater  than  on  serum.  To  this  grade  belong  six  viruses,  B.  V.,  B.  IX., 
B.X.,  B.  XL,  B.  XXV.  and  B.  XXVIIL,  the  latter  growing  rather  less  well  than  the  others. 

The  results  on  glycerin-agar  and  glycerinated  potato  agree  with  those  obtained  from 
growing  the  bacillus  on  glycerin  serum. 

The  question  of  the  stability  of  the  bacillus  in  culture  is  discussed  on  page  68. 
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2.    The  Effect  of  Inoculation  and  Feeding  in  Bovines. 

(a)  Inoculation  into  Bovines. 

Inoculation  of  Emulsions. 

(a)  Subcutaneous  Injections. — Injections  of  emulsions  of  the  tuberculous  lesions  were  made 
with  only  five  viruses,  Viruses  B.  I.  to  B.  V  Both  calves  and  adult  bovines  were  used,  and  the 
general  result  is  shown  in  the  following  Table.  In  the  earliest  experiments  the  number  of 
tubercle  bacilli  was  not  estimated  ;  in  the  later  experiments  they  were  counted. 


SUBCUTANEOUS  INJECTION"  OF  EMULSIONS  INTO  BOVINES. 


miiuei  oi 
Calves. 

Result.* 

Number  of 
Adult  Bovines. 

Result. 

Dose  of  T.B. 

Gr.T. 

A.  B.  C.  D. 

G.  T. 

A.  B.  C.  D. 

Not  estimated  - 

2 

1 

D. 

4 

3 

D. 

No  T.B.  found 

2 

1 

C. 

1,330  to  9,000  - 

4 

2 

C.  D. 

2 

2 

110,000  to  205,000  - 

5 

4 

A. 

1 

B. 

932,300  to  4-5  million 

6 

5 

D. 

2 

C.  D. 

11-1   million  to  14"6 
million  - 

4 

3 

D. 

542  million 

1 

1 

Total 

24 

17 

7 

9 

5 

4 

If  the  results  are  tabulated  according 

to  the  viruses,  the  followin 

y  is  found  : — 

Number  of 
Calves. 

Result.* 

Number  of 
Adult  Bovines. 

Result. 

Virus. 

G.  T. 

A.  B.  C.  D. 

G.  T. 

A.  B.  C.  D. 

Virus  B.  I. 

9 

7 

C.  D. 

3 

1 

B.  D. 

„    B.H.     -  - 

6 

4 

A.  C. 

4 

4 

„  B  in.  -  - 

2 

2 

„  B.IV. 

6 

3 

D.  (3) 

„    B.V.     -  - 

1 

1 

2 

C.  D. 

Total 

24 

17 

7 

9 

5 

4 

*  The  explanation  of  the  abbreviations  used  is  as  follows.  They  refer  only  to  subcutaneous  inocula- 
tions throughout  the  Report  : — 

G.  T. — General  Tuberculosis. 

A.  — Local  lesion  only. 

B.  — Local  lesion  and  extension  of  the  disease  to  the  nearest  lymphatic  glands. 

C.  — Besides  B,  extension  to  glands  beyond  the  nearest. 

D.  — The  same  as  C,  with  a  few  calcareous  lesions  in  some  organs,  or  grey  tubercles,  that  is  a 
slight  dissemination  of  the  disease,  with  evident  incapacity  to  progress. 

The  smallest  dose  in  a  calf  which  produced  disseminated  lesions,  although  they  were  cal- 
careous, was  with  Virus  B.  I.,  an  emulsion  of  pig  lesions,  in  which  no  tubercle  bacilli  were 
found  on  microscopic  examination  (Calf  104).  The  largest  dose  given,  542,000,000  odd,  was 
in  an  emulsion  of  guinea-pig  lesions,  Virus  B.  II.  (C.  160),  producing  widely  disseminated 
tuberculosis,  partly  calcareous,  and  causing  illness  ;  the  disease,  however,  not  being  so  acute 
as  in  C.  124  {see  below). 

Of  the  calves  that  received  a  known  dose,  six  either  died  or  were  killed  when  dying  or  ill, 
and  the  others  were  killed  in  good  health. 
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None  of  the  adult  animals  that  received  a  known  dose  of  tubercle  bacilli  died  from  the 
disease,  and  they  were  killed  in  periods  of  from  62  to  148  days. 

Some  consideration  is  necessary  in  regard  to  the  effects  of  tissue  emulsions,  as  these  have 
been  so  extensively  used  for  inoculations  in  the  case  of  viruses  of  human  origin. 

Six  calves  showed  only  a  slight  degree  of  tuberculosis.  The  largest  dose  which  produced 
a  slight  lesion  was  11,000,000  odd  tubercle  bacilli  of  the  original  material  of  Virus  B.  IV. 
injected  into  Calf  118.  The  animal  was  killed  100  days  after  inoculation,  and  showed  a  local 
calcareo-caseous  lesion,  with  calcareous  tubercles  in  the  lung  and  thoracic  glands,  and  one 
each  in  the  liver  and  spleen.  Calf  120,  injected  with  the  same  dose,  showed,  in  the  same 
time,  a  more  generalised  tuberculosis,  still  of  a  caseo-calcareous  type.  Other  examples  occur 
of  the  same  kind,  such  as  Calves  104  and  106,  Virus  B.  I.  ;  Calves  130  and  124,  also  of  Virus 
B.I.  In  this  latter  case  each  animal  received  9,000  tubercle  bacilli.  One  was  killed  when 
well  in  104  days,  and  showed  sparsely  disseminated  calcareous  tubercles  ;  the  other  died  in 
71  days,  and  showed  acute  general  tuberculosis. 

Such  instances  as  these  show  an  irregular  effect  of  the  injection  of  tissue  emulsions,  an 
effect  which  cannot  solely  be  ascribed  to  a  number  of  bacilli  being  dead,  because  in  the  case, 
for  example,  of  Calves  124  and  130,  which  received  the  same  dose  of  the  same  emulsion,  it 
is  unlikely  that  one  calf  received  so  large  a  proportion  of  dead  bacilli  as  to  produce  a  small 
amount  of  disease,  and  the  other  received  such  a  large  proportion  of  living  bacilli  as  to  pro- 
duce general  tuberculosis.  Both  calves  were  of  the  same  age,  and  it  seems  likely  that  the 
result  is  more  correctly  to  be  ascribed  to  the  varying  resistance  of  the  calves  to  the  disease 
than  to  any  other  condition.  It  is  quite  possible  that  the  number  of  living  bacilli  varies 
considerably,  say  as  between  an  old  calcareo-caseous  lesion  and  a  lesion  of  acute  tuberculosis 
in  the  bovine,  but  there  is  no  accurate  method  of  gauging  this. 

The  general  conclusion  to  be  drawn  from  the  subcutaneous  injection  of  emulsions  of  bovine 
tuberculous  lesions  is  that  in  the  large  proportion  of  cases  the  injection  leads  to  a  disseminated 
tuberculosis  in  the  bovine,  the  lesions  of  which  sometimes  tend  to  retrogress,  but  at  other 
times  progress  to  death. 

The  animals  included  in  the  above  Table  comprise  all  those  which  were  injected  with 
tissue  emidsions  subcutaneously, whether  from  the  original  material  or  from  lesions  from  animals 
in  the  passage  experiments.  With  a  view  of  comparing  the  results  with  the  experiments 
performed  with  the  viruses  of  human  origin,  the  effects  of  the  injection  of  emulsions  of  the 
original  material  may  be  shortly  considered. 

Emulsions  of  Original  Material  Injected  into  Bovines. — This  was  done  with  only  four  Viruses. 
(In  Virus  B.  I.  a  culture  from  guinea-pigs'  organs  was  at  first  used,  and  not  an  emulsion  of  the 
original  material.)  Five  calves  were  injected.  In  two  of  these  the  dose  was  not  estimated. 
Both  showed  slight  generalised  tuberculosis,  and  lived  92  and  118  days. 

One  calf  received  4-5  million  and  two  calves  received  each  14*6  million  tubercle  bacilli. 
The  first  calf  showed  generalised  calcareous  tuberculosis,  and  the  other  two  much  the  same 
lesions  after  living  from  78  to  145  days. 

Two  adult  bovines  received  a  dose  of  tissue  emulsion,  the  number  of  tubercle  bacilli  in 
which  was  not  estimated.  One  developed  acute  tuberculosis,  and  the  other  had  a  similar 
condition,  only  not  so  acute. 

Two  adult  bovines  received  4-5  million  tubercle  bacilli  in  tissue  emulsion.  One  showed 
only  a  local  lesion,  and  calcareous  tubercles  in  the  nearest  gland,  living  140  days.  The  other 
in  62  days  showed  a  small  local  lesion  and  a  few  foci  in  the  internal  organs. 

It  is  quite  clear  from  these  results  that  it  is  impossible  to  determine  the  degree  of  virulence 
of  the  tubercle  bacillus  in  a  bovine  lesion  by  a  single  injection  of  emulsions  made  from  tissues. 
The  doses  of  bacilli  which  were  given  in  tissue  emulsions  were  of  course  infinitely  smaller 
than  the  doses  of  culture  which  were  given. 

(b)  Intraperitoneal  Injections. — Only  one  intraperitoneal  injection  of  an  emulsion  was  made 
into  calves  :  an  emidsion  of  Virus  II.,  containing  about  205,000  tubercle  bacilli.  The  animal 
was  killed  in  188  days,  and  showed  chronic  tuberculous  peritonitis,  with  calcareous  foci  in  the 
abdominal  glands  and  in  a  few  of  the  thoracic  glands. 

(c)  Intramammary  Injections. — Ten  cows,  six  of  which  had  calves  sucking,  were  injected 
into  two  quarters  of  the  udder  with  Viruses  B.  I.,  B.  II.,  B.  III.  and  B.  IV.  Two  of  these 
died  and  eight  were  killed.  Of  these  eight,  six  were  in  a  dying  condition,  and  the  other  two 
appeared  to  be  in  good  health.  All  the  intramammary  inoculations  produced  tuberculosis 
of  the  udder  and  neighbouring  glands,  and  in  seven  of  the  cases  the  disease  had  become 
generahsed.  In  only  four  of  the  cases  was  the  number  of  tubercle  bacilli  injected  into  each 
quarter  calculated,  and  in  two  of  these,  Cows  44  and  64,  the  results  were  interesting. 

Cow  44,  injected  with  1,000,000  tubercle  bacilli  in  each  of  two  quarters,  died  in  forty-one 
days,  but  was  found  to  have  only  local  tuberculosis  of  the  udder  and  neighbouring  glands. 
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Cow  64  was  inoculated  from  this  cow  with  an  emuUvon  of  udder,  500,000  tubercle  bacilli 
being  injected  into  each  quarter.  It  therefore  received  half  the  dose  of  Cow  44,  and  died 
in  forty-e;ght  days  with  tuberculos's  of  the  udder,  and  dissenrnation  of  the  disease  throughout 
the  body. 


II.  Inoculation  of  Cultures  into  Bovines. 

Iculation  Twenty  of  the  viruses  were  investigated  by  the  inoculation  of  cultures  into  bovines  (Viruses 
oBovines,  B.  I.  to  B.  XVIII.,  B.  XXIII.  and  B.  XXIV.)  The  total  age  of  the  cultures  varied  con- 
siderably, from  71  to  1,002  days,  the  total  age  being  reckoned  as  the  time  the  bacillus  had 
been  in  culture  or  subculture.  The  generation  of  the  cultures  varied  between  the  fifth  and 
the  eighteenth  generation.  The  age  of  the  culture  injected  was  usually  about  three  weeks. 
The  cultures  were  injected  subcutaneously  in  varying  doses,  two  calves  being  inoculated 
at  the  same  time  with  the  same  virus. 

1.  Subcutaneous  Inoculation  of  Culture  in  ^-milligramme  Doses. — Eighteen  viruses  were 
used  (B.  I.  to  B.  XVIII.).  Of  the  thirty-six  bovines  inoculated  thirty-five  were  calves,  ami 
of  these  thirty-three  died  or  were  killed  when  very  ill  in  14  to  47  days.  Two  calves  and 
one  bull  we're  killed  in  about  50  days,  in  apparent  good  health.  All  the  animals 
showed  lesions  of  generalised  tuberculosis.  The  thirty-three  calves  that  either  died  or 
became  very  ill  showed  tuberculosis  in  its  acutest  form,  as  was  evidenced  by  a  very  large 
tuberculous  mass  at  the  seat  of  inoculation,  and  by  caseation  of  the  glands  near  the  local 
lesion,  and  caseo-miliary  tuberculosis  of  the  lungs,  liver,  spleen,  kidneys  and  suprarenal 
capsules,  as  well  as  caseation  and  caseous  nodules  in  most,  if  not  all,  the  lymphatic  glands 
of  the  body,  including  the  abdominal  lymphatic  glands. 

2.  Subcutaneous  Inoculation  of  doses  of  25  milligrammes  in  two  calves  (Virus  B.  VI.  and 
B.  X.),  and  of  12-5  milligrammes  in  one  calf  (Virus  B.  IV.),  and  5  milligrammes  (Virus  B.  XVI.) 
in  one  calf,  produced  general  tuberculosis. 

3.  Ten-milligramme  Doses. — Twelve  calves  were  inoculated  subcutaneously  with  doses  of  10 
milligrammes  (Viruses  B.  V.,  B.  IX.,  B.  XVIII.,  B.  XXIII.,  B.  XXIV.)  in  order  to  determine 
whether  there  was  any  variation  in  the  virulence.  Eight  of  these  calves  died  in  33  to  53  days 
with  general  tuberculosis.  Four  were  killed  in  about  90  days  in  apparent  good  health.  These 
calves  were  inoculated,  one  with  Virus  B.  V.,  one  with  Virus  B.  XVIII.,  and  two  with  Virus 
B.  XXIV.  Three  of  these  calves  had  disseminated  calcareo-caseous  tuberculous  lesions, 
showing  that  although  the  disease  produced  was  not  acute,  yet  it  was  progressing.  One 
calf,  however  (Virus  B.  XVIII.),  showed  only  a  small  amount  of  disease,  somewhat  resemb- 
1'ng  that  produced  by  slightly  virulent  human  viruses  (see  page  30).  Thus  in  the  calf 
there  was  a  fibroid  and  caseous  local  lesion,  scattered  grey  tubercles,  some  with  calcareous 
centres,  in  the  lungs,  and  a  few  scattered  tubercles  in  the  mediastinal  glands,  spleen  and 
liver.  It  is  to  be  noted  that  the  other  calves  inoculated  with  10  milligrammes  of  the  same 
virus  died  of  general  tuberculosis,  so  that  the  result  is  probably  to  be  ascribed  to  individual 
res' stance  on  the  part  of  the  animal. 

4.  Still  smaller  doses  were  given  in  two  calves.  One  calf  received  0-02  milligramme  sub- 
cutaneously (Virus  B.  III.).  It  was  killed  in  good  health  143  days  after  inoculation,  and 
showed  a  small  local  les'on,  with  a  caseous  prescapular  gland  and  a  similar  condition  of  the 
neighbouring  lymphat'c  glands,  a  few  calcareous  tubercles  in  the  liver  and  spleen,  several 
in  the  lungs,  and  one  or  two  tubercles  in  most  of  the  lymphatic  glands.  Another  calf  received 
a  dose  of  0-01  milligramme  subcutaneously  (Virus  B.  V.)  and  was  killed  in  84  days  in  good 
health.  It  showed  a  small  and  chronic  tuberculous  mass  at  the  seat  of  inoculation, 
a  few  caseo-calcareous  tubercles  in  the  prescapular  gland,  and  no  tuberculosis  elsewhere  in, 
the  body. 


3.  Results  of  Feeding  Experiments  in  Bovines. 

Feeding  experiments  were  done  with  sucking  calves,  in  whose  mothers  tuberculosis  of 
the  udder  had  been  produced.  In  these  cases  the  dose  of  bacilli  received  by  the  calves 
could  not  be  estimated.  In  other  cases  calves  were  fed  with  tuberculous  milk,  and  in  a 
third  series  of  experiments  calves  were  fed  with  a  definite  dose  of  culture  of  tubercle  bacilli. 


(a)  Tuberculosis  in  Calves  Sucking  their  Mothers  which  had  Tuberculous  Udders. 

Six  of  these  calves  are  to  be  considered  (28,  86,  20,  50,  22,  and  116). 

:king  Calf  50,  fed  for  41  days,  was  killed  in  151  days,  and  was  found  to  have  intestinal  ulceration 

ves-        and  general  tuberculosis.    This  is  the  most  severe  case  of  tuberculosis  in  a  sucking  calf.  It 
was  fed  with  milk  from  a  cow  (500)  which  had  disease  of  the  udder,  but  not  general  tuberculosis,. 
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In  all  the  other  calves  there  were  lesions  of  the  mucous  membrane  of  the  intestine, 
which  were  in  three  cases  nodular  and  calcareous  ;  in  one  case  there  were,  in  addition,  a 
few  small  ulcers.  The  mesenteric  glands  in  all  were  affected  with  calcareo-caseous  nodules, 
and  two  of  the  calves  showed  a  few  calcareous  tubercles  in  the  internal  organs.  In  one  case 
the  submaxillary  and  pharyngeal  glands  were  affected,  as  well  as  the  intestinal.  The  calves 
were  kept  alive  for  a  period  ranging  between  74  and  363  days. 

The  milk  from  all  these  cows  produced  tuberculosis  in  guinea-pigs,  and  the  main  result  of 
feeding  calves  with  this  milk  was  disease  localised  in  the  intestine  and  neighbouring  glands, 
the  lesions  in  the  glands  being  mainly  calcareous. 

It  is  of  importance  to  note  the  localisation  of  the  disease  in  most  of  these  cases  of  prolonged 
natural  feeding  with  tuberculous  milk  as  showing  the  variety  of  tuberculosis  obtained  from 
the  milk  given  in  various  degrees  of  infection  of  the  udder. 


(b)  Tuberctdosis  in  Calves  Fed  with  Tubercidous  Milk  and  with,  Culture. 
The  milk  used  was  that  given  by  cows  with  tuberculous  udders. 

(1.)  Six  calves,  each  aged  two  months,  received  doses  of  bacilli  in  milk  as  follows  : — Two  Calves  fed 
received  1,000,000  each,  two  5,000,000  each,  and  two  10,000,000  each.  ^Series 

Of  those  that  received  1,000,000  :  one  that  was  killed  in  sixty-four  days  showed  only  a 
pharyngeal  gland  extensively  tuberculous ;  the  other,  killed  in  98  days,  showed  slight 
tuberculosis  of  the  intestine  and  the  ileo-colic  glands. 

Of  those  that  received  5,000,000  :  one,  killed  in  36  days,  showed  well  marked  tuberculosis 
of  the  intestine  and  mesenteric  glands,  and  slight  disease  of  the  ileo-colic  glands ;  the 
other,  also  killed  in  36  days,  showed  well-marked  tuberculosis  of  the  intestine  and 
mesenteric  glands,  and  slight  tuberculosis  of  the  ileo-colic  and  colic  glands.  There  was  no 
visible  tubercle  in  the  spleen  or  thoracic  glands,  but  emulsions  of  these  parts  caused 
tuberculosis  in  guinea-pigs. 

Of  the  two  that  received  10  million :  one,  killed  in  36  days,  showed  well-marked 
tuberculosis  of  the  intestine  and  mesenteric  glands,  slight  tuberculosis  of  the  ileo-colic  and 
colic  glands  ;  the  gluteal  gland  was  also  affected.  The  other,  killed  in  96  days,  showed  the 
same  extent  of  lesion,  with  affection  also  of  the  portal  glands. 

(2.)  Eight  calves,  varying  in  age  between  five  and  a  half  weeks  and  seven  months,  were  fed,  2nd  Series, 
four  with  1,000,000  tubercle  bacilli  each  and  four  with  about  10,000,000  each.    They  were 
killed  in  periods  varying  from  43  to  135  days.  They  all  showed  very  slight  tuberculosis,  either 
in  the  intestine  or  intestinal  glands  or  both,  a  few  also  in  the  liver  and  portal  glands,  and,  in 
three  cases,  in  the  thoracic  glands. 

Two  calves  were  fed  with  culture  from  Virus  B.  IX.,  each  receiving  l-0  milligramme.        Calves  fed 

with  Culture. 

One  was  killed  in  50  days,  and  showed  a  few  yellow  foci  in  the  tonsils,  slight  tuberculosis  of 
the  pharyngeal,  mesenteric  and  ileo-colic  glands  and  two  calcareous  foci  in  the  caudal  medi- 
astinal gland.  The  other  was  killed  in  140  days  ;  the  tonsils  were  enlarged  and  tuberculous  ; 
there  were  numerous  large  sub -mucous  caseating  nodules  in  the  stomach  and  extensive  ulcera- 
tion of  the  small  intestine.  The  pharyngeal,  cervical,  gastric,  mesenteric,  ileo-colic,  and 
coeliac  glands  were  enlarged,  dense  and  caseo-calcareous  and  in  some  cases  softened.  The 
spleen  contained  two  yellow  calcareous  tubercles,  the  liver  half  a  dozen  nodules  up  to  a  pea 
in  size,  and  the  kidney  three  grey  tubercles.  In  the  lungs  were  moderately  numerous  dark 
red  angular  patches  ranging  up  to  5  millimetres  or  more  in  diameter  ;  some  of  these  contained 
caseous  foci  or  small  gritty  tubercles  ;  others  were  homogeneous  ;  besides  these  there  were 
three  or  four  firm  yellow  caseous  gritty  nodules  ranging  in  size  from  a  pea  to  a  French  bean. 
The  bronchial  and  mediastinal  glands  were  enlarged,  dense,  and  caseating,  and  there^was 
slight  tuberculosis  of  the  pleura  and  peritoneum. 


4.   Effects  of  Inoculation  into  Rabbits  and  Guinea-Pigs. 

(B.)  Inoculations  into  Rabbits. — The  virulence  of  each  of  the  thirty  viruses  was  tested  in  Cultures  and 
rabbits.    The  results  of  inoculating  emulsions  of  tissues  and  definite  doses  of  pure  culture  Emulsions, 
into  rabbits  intravenously,  intraperitoneally  and  subcutaneously,  is  shown  shortly  in  the 
following  table  : — 


77. 


I! 
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RABBITS  INOCULATED  WITH  BOVINE  VIRUSES. 


Emulsions. 

Number 
of  Rabbits. 

Duration 
of  life 

in 
days. 

Dose  of  T.B. 

General 
Tuberculosis. 

Slight  _ 
Tuberculosis. 

Died  soon 

after 
injection. 

Viruses — 

B.  I.,  B.  VI.         -      -  -', 
(Intravenous.) 

2 

36 
45 

Not  estimated 

2 

— 

B.  I.,  B.  II.,  B.  IV.,  B.  V.,  B.  IX., 
B  .XI,  B.  XII.,  B.  XIV.,  B.  V., 
B.  XVI,  B.  XVII.,  B.  XVIII., 
B.  XXVI.,  B.  XXIX.,  B.XXX. 

^  _LIJ.ll  oJJol  1  LUUCdjl.  J 

iy 

26  to  124 

50,000  (1) 
1  million  1'4 

M  (4) 
Not  estimated 

(Li). 

16 

3 

KT  B  TTT  Tl  TV  T.  V  R  TY  T.  YT 
B.XII.,  B.XXIX. 

(Subcutaneous.) 

12 

en  nnn  (~\  \ 

OU,UUU  ^1^ 

1  million  1"4 
M.(7) 
Not  estimated  (4) 

12 

— 

33 

30 

-F- 

3 

Culture. 

Viruses — 

(a)  B.I,  B.  II,  B.III,  B. V.  to  B.  VII, 
B.  X,  B.  XI,  B.  XIV,  B.XXV1. 
B.  XXVIII,  B.  XXIX,  B.XXX. 

14 

10  to  21 

1-0  mg. 

13 

— 

1. 

(b)  B.  I.  to  B.  XV,  B.  XVII,  B.  XIX. 
to  B.  XXX. 

(Intravenous.) 

14 

11  to  34 

0"1  mg. 

48 

— 

2. 

(a)  B.TJ,  B.  Ill,  B.V.  to  B.  XXX.  - 

60 

11  to  38 
60  to  63 
150  (6) 

ro  mg. 

60 

(b)  B.  I,   B.  III.  to  B.  XXVI, 
B.  XXVIII.  to  B.  XXX. 

36 

14  to  46 
65  to  109 
(3) 

0"1  mg. 

36 

— 

(c)  B.  XVIII.  to  B.  XXVII.  - 
(Intraperitoneal.) 

11 

25  to  65 

0"01  mg. 

8 

3 

(a)  B.  I.  to  B.  XXV,  B.XVII.  to 
B.  XXX. 

49 

38  to  114 

l'O  mg. 

47 

2. 

(b)  B.  I.  to  B.  VI,  B.  XV,  B.  XVI, 
B.   XVIII,     to    B.  XXVI, 
B.  XXVIII,  B.  XXIX. 

26 

48  to  113 

0-1  mg. 

25 

]. 

(c)  B.  XXVI.         -      -  - 
(Subcutaneous.) 

1 

121 

0-01  mg. 

1 

247 

238 

9. 

It  will  be  seen  that,  with  emulsions,  thirty-three  rabbits  were  inoculated  in  one  way  or 
another  with  all  the  viruses  except  B.  VII.  and  B.  X.,  and  B.  XIX.  to  B.  XXVIII.  Thirty 
of  these  animals  died  of  general  tuberculosis  ;  three  died  from  accident  or  acute  infection  at 
too  early  a  stage  for  the  disease  to  develop. 

A  culture  from  each  of  the  thirty  viruses  was  injected  into  247  rabbits  intravenously, 
intraperitoneally  or  subcutaneously  in  doses  of  1  milligramme,  0-1  milligramme  or  0-01 
milligramme.  In  238  of  these  animals  death  was  caused  by  generalised  tuberculosis.  In 
nine  of  these  death  occurred  too  early  for  the  disease  to  develop. 
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Inoculation  therefore  of  cultures  of  all  the  strains  into  rabbits  produced  an  acute  generalised 
disease  which  is  very  characteristic,  terminating  in  an  acute  caseous  tuberculosis  of  most  of 
t  he  glands  and  organs  of  the  body. 

The  bacillus  of  bovine  tuberculosis  being  so  virulent  for  rabbits,  two  series  of  exper'ments 
were  performed  to  determine  if  possible  the  limit  of  dose  capable  of  producing  generalised 
tuberculosis. 

In  the  first  series  of  exper'ments  the  estimation  of  the  dose  was  not  accurate  enough 
for  the  experiments  to  be  considered. 

In  the  second  experiment,  however,  the  results  are  of  interest.  Six  rabbits  in  all  were 
inoculated,  the  first  with  a  dose  of  0-01  milligramme  of  a  culture  of  Virus  B.  IV.,  the  second 
with  a  hundredth  that  dose,  the  third  with  a  ten  thousandth,  the  fourth  with  a  hundred 
thousandth,  the  fifth  with  a  one  millionth,  and  the  sixth  with  one  ten  millionth.  All  the 
an'mals,  with  the  exception  of  the  two  last,  which  received  the  smallest  dose,  developed 
general  tuberculosis.    The  two  exceptions  showed  no  tuberculosis. 

The  rabbit  must  therefore  be  considered  as  very  sensitive  to  the  action  of  the  bacillus  of 
bovine  tuberculosis. 

Feeding  Experiments  in  Rabbits. — Six  rabbits  were  fed,  each  with  1  milligramme  of  culture.  Feeding. 
One  died  too  early  for  the  disease  to  develop,  and  the  others  were  killed  in  from  48  to  121 
days.    One  of  these  was  healthy,  the  second  showed  general  tuberculosis,  the  other  three 
moderate  or  slight  tuberculosis. 

Three  rabbits  were  fed  with  the  tuberculous  milk  of  Cow  164  (Virus  B.  IV.)  for  6  days. 
One  died  in  6  days  ;  the  others  became  tuberculous. 

Four  rabbits  were  fed  with  the  tuberculous  milk  of  Cow  172  (Virus  B.  IV.)  for  31  days  ; 
three  became  tuberculous  ;  one  was  killed  in  111  days  and  found  healthy. 

Thirteen  rabbits  were  fed  by  catheter  with  single  doses  of  tuberculous  milk  in  doses 
of  10,000  to  1,000,000  tubercle  bacilli.  But  the  experiment  must  be  discarded  as  a  feeding 
experiment  with  doses  in  series,  as  some  of  the  animals  showed  insufflation  tuberculosis. 

Inoculations  into  Guinea-Tigs. — Of  each  of  twenty  viruses  0-l  milligramme  of  culture  was  Guinea-p 
inoculated  subcutaneously  or  intraperitoneally  into  guinea-pigs,  and  in  all  the  animals 
general  tuberculosis  resulted. 

Feeding  Experiments  in  Guinea-Pigs. — Two  guinea-pigs  were  fed  with  0-l  milligramme  of 
culture  and  ten  with  1  milligramme  of  culture.  All  developed  general  tuberculosis  except 
two,  which  showed  only  local  tuberculosis.  In  all  cases  the  mesenteric  glands  were  affected, 
and  in  ten  there  were  lesions  in  the  small  intestine. 

Seventeen  guinea-p;gs  were  fed  with  single  doses  of  the  tuberculous  milk  of  Cow  164  (Virus 
B.  IV.)  :  only  four  became  tuberculous. 

Three  guinea-pigs  were  fed  with  the  same  milk  for  6  days  ;  all  became  tuberculous. 

Eight  were  fed  for  31  days  with  the  tuberculous  milk  of  Cow  172  (Virus  B.  IV.)  three 
remained  healthy,  five  became  tuberculous. 


III.  Effects  of  Inoculation  into  and  Feeding  of  other  Animals  than  the  above. 


5.  The  Effect  of  the  Viruses  of  Bovine  Origin  in  Pigs  from  Inoculation  and 


Feeding. 


(a)  Inoculation. 

Virus  B.  I. — One  pig  was  inoculated  subcutaneously  with  0-l  milligramme  of  culture  of  pio.g 
Virus  B.  I.   It  was  killed  in  240  days  and  showed  a  small  local  lesion  :  caseation  of  the  nearest 
glands  :  sparsely  scattered  hard  tubercles  in  the  lungs  :  three  tubercles  in  the  spleen  and  Inoculatl°n- 
numerous  tubercles  in  the  liver.    The  thoracic  and  portal  glands  and  one  lumbar  gland  were 
caseous  throughout ;  several  other  glands  showed  slight  tuberculosis.    A  generalised  but 
chronic  disease  was  therefore  produced. 

Another  pig  was  inoculated  with  1  milligramme  of  the  same  culture,  and  died  in  78  days 
of  general  tuberculosis. 

With  Virus  B.I.  four  other  inoculation  experiments  were  performed. 

Two  pigs  (10  and  12)  were  noculated  with  an  emulsion  of  the  mesenteric  glands  of  Pig  8, 
which  had  been  fed  with  the  tuberculous  milk  of  Cow  40.  No  tubercle  bacilli  were  found  in 
the  emulsion  used  for  inoculation.  Both  pigs  showed  generalised  tuberculosis  when  killed 
in  about  120  days. 

77.  H  2 
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From  one  of  these  animals  an  emulsion  of  the  lesions  was  obtained,  and  inoculated  into 
two  other  pigs  (14  and  16),  the  number  of  bacilli  inoculated  being  estimated  at  9,000.  Both 
animals  were  killed  in  over  100  days  and  showed  generalised  tuberculosis. 

Virus  B.  IV. — One  milligramme  of  the  culture  of  this  virus,  inoculated  subcutaneously  into 
a  pig,  caused  general  tuberculosis. 

Virus  B.  IX. — One  milligramme  injected  subcutaneously  in  a  pig  caused  general  tuberculosis, 
the  lungs  being  severely  affected.    The  pig  was  killed  when  very  ill,  92  days  after  inoculation. 

Virus  B.  XXVIII. — Three  pigs  were  inoculated  subcutaneously  with  doses  of  10  m  lli- 
gramme,  1  milligramme,  and  0-1  milligramme.  The  one  that  received  1  milligramme  d:ed 
in  48  days  of  general  tuberculosis.  The  others  were  killed  in  81  and  83  days  and  showed 
generalised  tuberculosis,  not  severe. 

(b)  Feeding  Experiments. 

ding  with     (i.)  TWQ  pigg  (2  and  4) 

were  fed  with  the  tuberculous  milk  of  Cows  500,  4  and  18  (Viruses 
k.  "  B.  I.  and  B.II.)  for  21  days.  One  killed  in  160  days  showed  ulcers  in  the  small  intestine, 
tuberculosis  of  the  pharyngeal  glands  and  tonsils  and  of  the  mesenteric  glands,  and  extensive 
tuberculos's  of  all  the  organs  of  the  body.  The  other  pig  killed  in  264  days  showed  no 
lesion  in  the  tonsils  or  pharyngeal  glands,  no  ulceration  of  the  intestine,  but  great  enlargement 
and  caseation  of  the  mesenteric  glands,  and  extensive  tuberculosis  of  the  internal  organs  o 
the  body.  Both  animals  showed  the  typical  generalised  disease  from  feeding  with  larg 
doses.    The  difference  in  the  intestinal  lesion  in  the  two  animals  is  particularly  to  be  noted. 

(2.)  Two  pigs  were  fed  for  92  days  with  the  tuberculous  milk  of  Cow  40  (Virus  B.  I.).  They 
were  killed  in  99  days.  Both  showed  generalised  tuberculosis  ;  in  both  the  mesenteric  glands 
were  greatly  affected,  and  there  were  disseminated  lesions  in  the  organs  of  the  body.  In  one 
the  intestine  was  normal ;  in  the  other  there  were  two  small  nodules  in  the  jejunum. 

;h  (3.)  One  pig  was  fed  with  a  dose  of  tuberculous  milk  of  Cow  172  (Virus  B.  IV.)  containing 

00,000  10,000,000  bacilli.  It  was  killed  when  dying  in  137  days,  and  showed  ulceration  of  the 
tonsils,  tuberculosis  of  the  neighbouring  glands,  no  ulceration  of  the  intestine,  and  a  few 
tubercles  in  the  mesenteric  glands,  and  extensive  tuberculosis  of  the  internal  organs  and 
lymphatic  glands  other  than  those  mentioned. 

ch  (4.)  Twelve  pigs,  six  ten  weeks  old,  and  six  seven  to  nine  months  old,  were  fed  with  different 

[q'q^q  doses  of  the  milk  of  Cow  64  (Virus  B.  I.).  The  milk  from  the  infected  quarters  of  this 
•00,000  animal  produced  tuberculosis  by  inoculation  in  guinea-pigs.  In  the  pig  experiments  each 
mi-  individual  of  each  pair  of  pigs  (one  young  and  one  old)  received  1,000,000,  5,000,000  and 
10,000,000  tubercle  bacilli.  The  pigs  were  killed  in  periods  of  between  39  and  117  days. 
The  results  show  that  the  young  animals  developed  more  tuberculosis  than  the  older 
ones,  that  speaking  generally  those  that  lived  longest  showed  the  most  tuberculosis  (with 
doses  of  5,000,000  and  10,000,000  more  particularly),  and  that  two  animals,  both  young 
ones,  showed  general  tuberculosis  at  death.    All  the  animals  became  tuberculous."1 

th  (5.)  Two  young  pigs  and  two  adult  pigs  were  fed  each  with  1,000,000  tubercle  bacilli.  One 

)0,000  young  pig,  killed  in  42  days,  showed  slight  disease  of  the  submaxillary  and  pharyngeal  glands, 
lUl"  of  the  liver  and  lungs.  The  other  young  pig,  killed  in  89  days,  showed  slight  tuberculosis  of 
the  tonsils,  well  marked  tuberculosis  of  the  submaxillary  glands,  of  the  liver  and  lungs,  while 
there  was  slight  disease  of  some  of  the  abdominal  lymphatic  glands,  of  the  thoracic  glands,  the 
peritoneum  and  pleura  ;  a  generalised  disease  resulted,  therefore,  most  marked  in  the 
submaxillary  glands,  in  the  liver  and  lungs.  One  adult  pig,  killed  in  42  days,  showed  only 
slight  disease  of  the  ileo-colic  glands  ;  the  other,  killed  in  90  days,  showed  slight  disease 
of  the  ileo-colic  glands,  the  portal  glands  and  the  liver. 

(6.)  One  young  pig  and  one  adult  each  received  about  1,000,000  tubercle  bacilli,  and  were 
killed  in  131  and  132  days.  The  young  pig  showed  general  tuberculosis,  most  marked  in  the 
submaxillary  glands,  the  pharyngeal  and  cervical  glands,  the  liver  and  portal  glands,  the 
thoracic  glands,  peritoneum  and  pleura.  The  adult  pig  showed  only  slight  disease  of  the 
mesenteric  glands  and  the  portal  glands. 

th  100,000     (  7.)  Two  young  pigs  and  two  adult  pigs  were  fed  with  100,000  tubercle  bacilli.  One  young 
im-         pig,  killed  in  42  days,  showed  no  disease  ;  the  other,  killed  in  49  days,  showed  tuberculosis 
of  the  submaxillary  glands,  of  the  spleen,  kidneys,  well  marked  disease  of  the  lungs,  and 
slight  disease  of  the  thoracic  glands  and  pleura.    The  two  adult  pigs,  killed  in  43  and  51 
days,  showed  slight  disease  of  the  mesenteric  and  ileo-colic  glands. 

th  10,000      (8.)  In  a  second  series,  pigs  were  fed  with  the  milk  of  Cows  164  and  172  (Virus  B.  IV.). 

Four  young  pigs  and  two  adult  pigs  received  10,000  tubercle  bacilli  each.  One  died  in  8  days, 
too  early  for  any  disease  to  develop.  Two  of  the  young  pigs  were  killed  in  26  and  48  days, 
and  showed  no  tuberculous  lesion.  One  was  killed  in  131  days,  and  showed  no  disease ;  one 
adult  pig  was  killed  in  43  days,  and  showed  slight  tuberculosis  of  the  mesenteric  glands ;  and 
the  last  adult  pig  was  killed  in  120  days,  and  showed  slight  disease  of  the  ileo-colic  glands. 


63 


This  series  of  experiments  of  feeding  pigs  with  varying  doses  of  tubercle  bacilli  is 
interesting  as  showing  the  anatomical  distribution  of  lesions  of  tuberculosis  occurring 
from  feeding.  These  animals,  as  well  as  the  calves,  demonstrate  the  occurrence  of  general 
tuberculosis  from  feeding. 

Anatomically  it  is  interesting  to  note  in  Pig  54,  an  animal  four  weeks  old  fed  with  100,000 
bacilli,  the  slight  disease  of  the  submaxillary  glands,  and  most  marked  disease  of  the  lungs. 

(9)  Feeding  with  Culture. — One  pig  was  fed  with  10  milligrammes  of  culture  (Virus  Feeding  with 
B.  XXVII.).  It  was  killed  in  104  days  and  showed  generalized  tuberculosis.  Two Cnlture- 
young  pigs  and  two  adult  pigs  were  fed  each  with  1  milligramme  of  culture.  One  young  and 
one  old  were  killed  in  forty-eight  days.  Both  showed  generalised  tuberculosis,  more 
extensive  in  the  young  pig  than  in  the  adult.  The  other  two  were  killed  in  over  100  days, 
and  the  young  pig  showed  generalised  tuberculosis,  while  the  adult  was  less  severely 
affected,  and  the  disease  was  retrogressing. 

Another  pig  fed  with  1  milligramme  (Virus  B.  XXVIII.)  was  killed  in  109  days  and 
showed  generalized  tuberculosis. 

One  young  pig,  fed  with  0T  milligramme  of  culture,  was  killed  in  over  100  days,  and  showed 
general  tuberculosis. 

General  Results. — The  pig  is  therefore  very  susceptible  to  infection  by  the  bacillus  of  bovine 
tuberculosis,  both  by  inoculation  and  by  feeding. 


The  Effect  of  the  Viruses  of  Bovine  OPvIGIn  in  Goats  by  Inoculation  and  Feeding. 

(a)  Inoculation. 

An  adult  goat  was  inoculated  subcutaneously  with  an  emulsion  containing  5,000  tubercle  Goats, 
bacilli,  obtained  from  the  calf  in  the  last  passage  in  Virus  B.  II.  It  was  killed  in  161  days,  and  rnoculatlon- 
showed  disseminated  tuberculosis,  not  acute. 

Another  animal,  inoculated  with  the  same  stock  of  emulsion,  containing  4-4  million  tubercle 
bacilli,  was  killed  in  165  days,  and  showed  general  tuberculosis. 

With  Virus  B.V.  an  adult  goat  was  inoculated  subcutaneously  with  the  emulsion  of  the 
original  material,  containing  4 -5  million  tubercle  bacilli,  and  died  in  54  days  from  general 
tuberculosis. 

Another  animal  was  inoculated  subcutaneously  with  0"01  milligramme  of  the  culture  of 
the  same  virus.    It  died  in  91  days  of  general  tuberculosis. 


(b)  Feeding  Experiments. 
Eight  goats  were  used  for  feeding  with  the  milk  of  Cows  164  and  172  (Virus  B.  IV.).  Feeding 

with  Milk. 

Two  young  goats  received  1,000,000  tubercle  bacilli.  One  was  killed  after  44  days,  and 
showed  slight  disease  of  the  mesenteric  glands.  The  other  was  killed  in  130  days,  and  showed 
slight  disease  of  the  mesenteric  and  gastric  glands,  the  liver,  portal  glands,  lungs  and  medias- 
tinal glands.  Of  two  adult  goats  which  received  the  same  dose  one  was  killed  in  44  days, 
and  showed  no  lesion.  The  other  was  killed  in  129  days,  and  showed  slight  disease  of  the 
pharyngeal  glands,  of  the  liver,  bronchial  glands  and  mediastinal  glands. 

The  disease  resulting,  therefore,  from  this  small  dose  in  goats  was  slight. 

Two  young  goats  and  two  adult  each  received  10 T 5  million  tubercle  bacilli.  One  young  goat, 
killed  in  45  days,  showed  slight  tuberculosis  of  the  gastric  glands  only.  A  second  young  goat, 
killed  in  132  days,  showed  marked  tuberculosis  of  the  tonsils  and  of  the  lungs,  and  also  of  the 
stomach,  and  slight  tuberculosis  of  the  glands  in  connection  with  the  tonsils  and  the  neck, 
and  also  of  the  spleen  and  liver.  Of  the  adult  goats  which  received  the  same  dose,  one  was 
killed  in  45  days,  and  showed  slight  tuberculosis  of  the  gastric  glands,  and  the  other  was 
killed  in  133  days,  and  showed  tuberculosis  of  the  pharyngeal  and  gastric  glands. 

Only  one  animal  of  the  series  therefore  developed  generalised  tuberculosis,  and  that  was  a 
young  goat  that  received  10,000,000  bacilli. 

Two  goats,  one  young  and  one  adult,  were  fed  each  with  1  milligramme  of  culture,  and  Feeding 
killed  in  over  100  days.    Both  showed  a  liinited  extent  of  disease  in  the  glands  in  connection  with  Culture, 
with  the  alimentary  tract.    In  the  adult  goat  the  internal  organs  were  not  tuberculous.  In 
the  young  goat  there  was  one  nodule  in  the  lung.    The  disease  was  not  only  limited,  but 
appeared  to  be  arrested. 

General  Results. — Goats  are  very  susceptible  to  inoculation  in  small  doses  of  the  bacillus  of 
bovine  tuberculosis,  but  to  feeding  with  the  bacillus  they  are  apparently  less  susceptible  than 
pigs. 
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Effect  of  the  Bovine  Virus  in  Monkeys  (Rhesus  and  Baboons)  and  Lemurs. 

(a)  Inoculation. 

nocufation  Tlie  monkeys  inoculated  with  the  emulsion  of  Virus  B.  I.,  in  which  the  dose  was  not  esti- 
mated, were  Rhesus,  and  the  experiments  had  to  be  discarded  owing  to  the  occurrence  of 
spontaneous  tuberculosis  in  the  animals,  the  disease  having  been  already  present  in  the 
animals  when  they  arrived  at  the  farm. 

Three  other  Rhesus  monkeys,  inoculated  subcutaneously  with  the  emulsion  of  Virus  B.  I.,  all 
showed  general  tuberculosis,  and  died  in  about  43  days.  One,  inoculated  intravenously, 
showed  general  tuberculosis  in  15  days,  and  another,  inoculated  intravenously,  died  in 

9  days,  showing  tubercle  bacilli  in  all  the  organs,  but  no  tuberculous  lesion. 

Two  baboons  were  subcutaneously  inoculated  with  a  culture  from  Virus  B.  IV.  One  died 
in  3  days,  and  the  other,  receiving  a  1-milligramme  dose,  died  in  49  days  with  generalised 
tuberculosis,  not  extremely  acute. 

With  Virus  B.  XXVI.  four  monkeys  were  inoculated  subcutaneously  with  doses  of  10 
milligrammes,  1,  0-1,  and  0-001  milligramme  of  culture.    The  monkeys  inoculated  with 

10  milligrammes,  1  and  0-001  milligrammes  died  of  general  tuberculosis  in  35,  45  and  45  days 
respectively;  that  inoculated  with  0-1  milligramme  was  killed  when  very  ill  in  56  days  and 
showed  general  tuberculosis. 


(b)  Feeding. 

eeding  Three  Rhesus  monkeys  were  fed  with  the  milk  of  cow  74  (Virus  B.  I.),  in  which  the  dose  of 

,hesus  with  tubercle  bacilli  was  not  estimated.  One  animal,  fed  only  once,  showed  no  lesion  in  20  days. 
[nk6rCUl°US  -A-notner  animal,  fed  for  5  days,  was  killed  in  24  days,  and  showed  generalised  tuberculosis. 

A  third  young  ammal  was  fed  for  66  days,  and  killed  in  77  days.  This  showed  acute 
tuberculosis,  chiefly  thoracic.  It  was  discussed  in  this  case  whether  the  tuberculosis  of  the 
lungs  arose  from  infection  by  way  of  the  alimentary  tract,  or  whether  it  was  due  to 
insufflation.  No  definite  conclusion  can  as  yet  be  arrived  at  on  this  point  from  this  or  any  of 
the  experiments. 

Two  Rhesus  monkeys  were  fed  with  the  milk  of  cow  68  (Virus  B.  III.)  for  33  days.  Both 
were  killed  in  87  days.  Both  showed  ulceration  of  the  caecum,  with  abdominal  tuberculosis, 
and  a  slighter  degree  of  tuberculosis  in  the  thoracic  organs,  but  whereas  in  one  the  abdominal 
tuberculosis  showed  itself  chiefly  as  tuberculous  peritonitis,  in  the  other  the  tuberculosis  was 
glandular. 

ritll  One  Rhesus  monkey,  fed  six  times  with  culture  of  Virus  B.  III.,  dose  not  estimated, 

ilfcure.        d  ed  in  40  days.    It  showed  tuberculosis  of  the  intestine  and  of  the  mesenteric  glands,  and 
the  post-pharyngeal  and  cervical  glands,  and  slight  tuberculosis  of  the  lungs. 

These  three  experiments  are  interesting  as  showing  the  production  of  general  tuberculosis  in 
monkeys  from  feeding  with  comparatively  large  doses  of  the  bovine  bacillus. 

rith  100,000     Eight  Rhesus  monkeys,  four  adult  and  four  baby,  were  fed  with  tuberculous  milk  of  cows 
idj.OOO.OOO  164  and  172.  Two  adults  and  two  baby  monkeys  each  received  100,000  tubercle  bacilli. 
Two  were  kept  alive  42  days  and  the  others  120  days. 

Two  adult  and  two  baby  monkeys  each  received  1,010,000  bacilli.  Two  were  kept  alive 
42  days,  and  the  others  120  days.  Only  one  animal  showed  a  tuberculous  lesion,  a  few  small 
nodules  in  the  liver.    All  the  other  animals  were  normal. 

It  is  difficult  to  explain  these  experiments  on  the  supposition  that  these  animals  were 
given  living  tubercle  bacilli. 

aboonsfed  Five  baboons  were  fed  with  the  milk  of  Cow  172  (Virus  B.  IV.).  One  died  too  early  for 
ith  tuberculosis  to  develop.    The  others,  two  young  and  two  adult,  were  fed  for  25  days  with  a 

aberculous  total  quantity  of  2,000  cubic  centimetres  of  milk.  One  young  baboon  died  in  30  days,  showing 

slight  caseous  tuberculosis  of  the  submaxillary,  retro-pharyngeal,  ileo-colic,  and  coeliac  glands, 

nodules  in  the  spleen,  left  tuberculous  purulent  pleurisy,  and  caseation  in  the  thoracic  glands. 

There  was  no  lesion  in  the  intestinal  tract. 

The  second  young  baboon  died  in  80  days,  and  showed  intestinal  tuberculosis  and  ulceration, 

extensive  tuberculosis  of  the  glands  connected  with  the  intestine,  and  to  a  less  extent  of  the 

spleen,  liver,  lungs  and  thoracic  glands. 

One  adult  baboon  was  killed  when  very  ill  in  85  days.    The  tonsils,  stomach,  and  intestine 

showed  tuberculous  ulceration,  with  tuberculosis  of  the  glands  in  connection,  and  general 

tuberculosis  of  all  the  organs. 

The  second  adult  baboon  died  in  90  days,  and  showed  caseation  of  one  tonsil,  tuberculous 

ulceration  of  the  stomach  and  intestine,  tuberculosis  of  the  glands  attached  to  the  alimentary 

tract,  and  general  tuberculosis  of  the  glands  and  organs  of  the  body. 
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Six  baboons,  three  young  and  three  old,  were  fed  with  tuberculous  milk  from  Cow  64,  each 
pair,  young  and  old,  receiving  1,000,000,  5,000,000,  10,000,000  tubercle  bacilli.  In  five  of  the 
cases  the  results  are  interesting,  as  showing  the  spread  of  tuberculosis  from  feeding  with 
known  doses,  one  of  these  animals  showing  an  extensive  tuberculosis.  One  of  the  young 
baboons  showed  spontaneous  lung  tuberculosis,  and  the  series  of  experiments  was  therefore 
not  of  great  value. 

Three  baboons  were  fed  with  one  milligramme  of  culture  of  Virus  B.  IV.  With 
One  young  baboon  died  in  37  days,  and  showed  intestinal  ulceration,  and  tuberculosis  of  the  Culture. 

submaxillary,  pharyngeal,  and  mesenteric  glands,  the  other  organs  of  the  body  being  normal.  J^™]1 
Of  the  two  other  baboons,  one  young  and  one  old,  the  young  one  died  in  74  days,  and 

showed  ulceration  of  the  tonsils  and  intestine,  tuberculosis  of  the  glands  attached,  and  general 

tuberculosis. 

The  adult  baboon  was  killed  in  good  health  in  77  days,  and  showed  tuberculosis  of  the  lungs, 
and  of  no  part  of  the  alimentary  tract  or  the  glands  attached.  This  may  possibly  be  a  case  of 
spontaneous  tuberculosis,  which  developed  also  in  another  case,  in  which  the  baboons  were 
fed  with  culture. 

Seven  monkeys  (Rhesus,  Mandrill,  Baboons,  and  Mangabey)  and  two  lemurs,  received  by 
feeding  each  one  milligramme  of  culture  of  the  bovine  bacillus. 

One  of  the  monkeys  died  of  ulcerative  colitis  ;  the  others  all  developed  generalised  tuber- 
culosis in  an  acute  form,  usually  with  affection  of  the  intestines,  and  sometimes  of  the  tonsils. 

General  Results. — The  various  species  of  monkeys  and  lemurs  used  are  very  sensitive  to  the 
action  of  the  bacilli  of  bovine  tuberculosis,  both  by  inoculation  and  by  feeding.  The  experi- 
ments clearly  show  this,  even  when  allowance  is  made  for  the  somewhat  frequent 
occurrence  of  actual  tuberculosis  in  monkeys  kept  in  captivity. 


Effect  of  the  Bovine  Virus  in  Chimpanzees, 
(a)    Inoculation  Experiments. 

One  milligramme  of  culture  of  Virus  B.  IV.  was  inoculated  subcutaneously  into  a  chim-  Chimpanzees 
panzee.    The  animal  died  in  55  days,  and  showed  a  large  local  lesion  and  acute  general  Inoculation, 
tuberculosis  of  all  the  glands  and  organs  of  the  body. 

Another  chimpanzee  receiving  0'OOi  milligramme   subcutaneously  died  in  87  days  of 
general  tuberculosis. 

(b)    Feeding  Experiments. 

(1)  Two  chimpanzees  were  fed  with  the  tuberculous  milk  of  Cow  172  (Virus  B.  IV.).  Feeding  with 

One,  fed  for  one  week,  received  1,000  cc.  of  infected  milk.    The  total  number  of  tubercle  Tuberculous 
bacilli  was  approximately  estimated  as  100,000,000.    It  was  killed  in  100  days,  and  showed  ' 
numerous  tuberculous  ulcers  in  the  small  and  large  intestine,  extensive  tuberculosis  of  the 
glands  attached  to  the  intestine,  and  tuberculosis  of  the  spleen  and  lungs. 

The  other  chimpanzee  received  107  cc.  of  the  same  milk,  containing  10,000,000  tubercle 
bacilli.  It  died  144  days  after  being  fed.  The  small  intestine  showed  nine  tuberculous  ulcers, 
the  mesenteric  glands  were  fibro-caseo-calcareous.  There  was  an  abscess  in  the  abdominal 
wall ;  the  lungs  showed  pneumonia,  but  no  tuberculous  lesion. 

2.  (a)  One  chimpanzee  received  1  milligramme  of  a  culture  of  Virus  B.  IV.    It  was  a  with 
young  animal,  and  died  in  56  days.    It  showed  tuberculous  ulceration  of  the  small  intestine,  Culture, 
caseous  tuberculosis  of  the  mesenteric  and  colic  glands,  and  a  few  tubercles  in  the  spleen. 
There  was  extensive  tuberculosis  of  the  lungs. 

(b)  Four  other  chimpanzees  were  fed  with  culture.  One,  fed  with  1 -1  milligramme  (Virus 
B.  IX.),  died  of  acute  general  tuberculosis  ;  one,  with  0-l  milligramme  (Virus  B.  IV.),  died  of 
general  tuberculosis  ;  two  with  0"01  milligramme  (Virus  B.  IV.  and  B.  IX)  died  of  acute 
general  tuberculosis. 

General  Results. — The  production  of  acute  tuberculosis  in  chimpanzees  by  subcutaneous 
inoculation  and  by  feeding  with  varying  doses  is  thus  clearly  established. 

Effect  of  the  Bovine  Virus  in  Cats, 
(a)  Inoculation. 

Three  cats  were  subcutaneously  inoculated  with  1  milligramme  of  culture,  two  adults  ^ 
from  Virus  B.  I.,  and  a  kitten  from  Virus  B.  III.  The  adult  cats  died  respectively  in  35  and 
49  days  of  general  tuberculosis.  The  kitten  (Virus  B.  III.)  died  in  17  days,  with  a  local  lesion 
and  affection  of  the  nearest  lymphatic  glands,  and  tubercle  bacilli  were  present  in  the  spleen, 
liver,  lungs,  and  marrow.  Death  apparently  occurred  too  early  for  lesions  to  form  in  the 
internal  organs. 

One  cat  was  inoculated  subcutaneously  with  1  milligramme  of  culture  (Virus  B.  XVIII. ). 
It  died  in  seventy  days,  and  showed  only  a  moderate  degree  of  disseminated  tuberculosis. 
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A  kitten  inoculated  with  the  same  dose  of  the  same  virus  died  in  25  days  of  acute  tuber- 
culosis. 

One  cat  and  one  kitten  were  inoculated  intraperitoneally  with  one  milligramme  of  culture 
of  Virus  B.  III.  The  cat  died  in  39  days,  and  showed  tuberculous  peritonitis,  with  caseation 
of  the  abdonr.nal  glands,  and  a  few  tubercles  in  the  lungs  and  liver.  The  kitten  died  in  17 
days,  and  showed  also  tuberculous  peritonitis  and  caseation  of  the  abdominal  glands  and  of 
the  thoracic  glands,  the  'nternal  organs  not  being  affected  to  any  extent. 

Two  cats  and  three  kittens  were  inoculated  subcutaneously  with  a  culture  from  Virus 
B.  XXVIII.  One  of  the  cats,  a  young  adult,  inoculated  with  0- 1  milligramme,  died  in  22  days 
of  acute  tuberculosis,  tubercle  bacilli  being  very  numerous  in  the  marrow  and  all  the  organs  ; 
the  other  cat,  older  than  the  latter,  inoculated  with  1  milligramme  was  killed  in  74  days  in 
apparent  good  health ;  it  showed  a  local  ulcer,  caseation  of  the  nearest  glands,  and  miliary 
tuberculosis  of  the  lungs  and  kidneys. 

The  three  kittens  received  1-0,  0-1,  0-01  milligramme,  and  died  in  21,  34,  and  39  days, 
respectively,  of  acute  disseminated  tuberculosis,  the  lungs  in  each  case  being  severely  affected. 

(b)  Feeding  Experiments. 

Ten  cats  were  fed  either  with  tuberculous  milk  or  with  guinea-pig  organs,  five  adults  and 
five  kittens.  None  of  the  animals  died  and  none  showed,  when  killed,  extensive  tuberculosis. 
The  doses  given  were  : — Two  kittens  received  1,000,000,  two  adults  1,000,000,  and  two  kittens 
and  two  adults  each  10-15  million  tubercle  bacilli.    In  two  cases  the  dose  was  not  estimated. 

Two  adult  animals  (1,000,000  and  10-15  million)  showed  no  tuberculosis.  They  were 
killed  in  43  and  46  days. 

One  kitten,  with  10' 15  million,  showed  two  small  ulcers  in  the  intestine  and  slight  tuber- 
culosis of  the  mesenteric  and  ileo-colic  glands. 

The  other  six  animals  showed  only  minimal  and  calcareous  lesions  in  the  glands  attached  to 
the  intestine  or  in  the  pharyngeal  glands.  One  adult  animal  showed  slight  tuberculosis  in 
the  lungs. 

Two  adult  cats  and  three  kittens  were  fed  each  with  1  milligramme  of  culture.  They 
were  killed  at  periods  varying  from  47  to  121  days.  In  the  adult  cats  tuberculosis  of  the 
mesenteric  glands  alone  was  present,  while  the  three  kittens  showed  tuberculosis  of  the 
pharyngeal,  mesenteric,  and  ileo-colic  glands,  and  one  showed  ulcers  of  the  intestine,  while 
in  all  the  lungs  were  affected. 

Two  adult  cats  were  fed  each  with  10  milligrammes  of  culture  from  Virus  B.  XXVI.  One 
killed  in  71  days  showed  only  two  small  foci  in  a  mesenteric  gland  and  scattered  miliary 
tubercles  in  the  lungs ;  the  other  killed  in  73  days  showed  more  extensive  disease,  viz., 
tuberculosis  of  the  tonsils,  the  pharyngeal,  submaxillary,  mesenteric  and  ileo-colic  glands, 
the  bronchial  and  portal  glands  ;  a  caseous  nodule  in  the  spleen,  and  miliary  tuberculosis  of 
the  lungs. 

General  Results. — The  bacillus  of  bovine  tuberculosis  in  cats  can  produce  general  tuberculosis 
by  inoculation  and  feeding.    Kittens  are  much  more  susceptible  to  the  virus  than  adult  cats. 

Effect  of  the  Bovine  Virus  in  Dogs. 

(a)  Inoculation  Experiments. 

)ogg.  A  dog  inoculated  intraperitoneally  with  an  emulsion  of  guinea-pigs'  organs,  containing 

10-15  million  tubercle  bacilli,  was  killed  when  very  ill  in  71  days,  and  showed  general  tuber- 
culosis. 

At  the  same  time  and  with  the  same  dose  another  dog  was  inoculated  subcutaneously. 
It  was  killed  when  well  in  171  days  and  showed  no  tuberculosis,  the  local  lesion  having 
disappeared. 

Two  dogs  were  inoculated,  one  subcutaneously  and  one  intraperitoneally  with 
1  milligramme  of  culture  of  Virus  B.  XXII.  The  one  inoculated  intraperitoneally  showed 
only  a  few  tubercles  in  the  organs  of  the  body.  The  one  inoculated  subcutaneously  showed 
only  a  scar  at  the  site  of  inoculation,  and  no  tuberculosis. 

Two  puppies  were  inoculated,  one  subcutaneously,  the  other  intraperitoneally,  each  with 
1  milligramme  of  culture  from  Virus  B.  IX.  The  intraperitoneal  animal  died  in  32  days 
and  showed  tuberculous  peritonitis,  early  necrosis  of  the  sternal  and  coeliac  glands,  a  grey 
focus  in  each  kidney,  and  several  patches  of  broncho-pneumonia,  but  no  tubercles  in  the 
lung.  The  subcutaneous  animal  was  killed  98  days  after  inoculation,  and  showed  a  local 
lesion,  tuberculosis  of  the  nearest  glands,  and  scattered  tubercles  in  the  lungs  and  liver. 

An  adult  dog  was  inoculated  subcutaneously  with  10  milligrammes  of  culture  derived  from 
Dog  56,  Virus  B.  IV.  (see  Appendix  ,  Modification  Experiments),  and  killed  76  days  after- 
wards. At  the  seat  of  inoculation  there  was  a  small  cavity  with  a  sinus  leading  from  it,  a  large 
tuberculous  cavity  in  the  region  of  one  axilla  and  miliary  tubercles  of  the  fibrous  variety  in 
the  lungs. 
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Two  other  dogs,  one  a  puppy,  the  other  an  adult,  were  inoculated  subcutaneously 
each  with  25  milligrammes  of  culture  from  Virus  B.  XXIV.,  and  killed  in  92  and  93  days 
respectively.  In  the  adult  animal  there  was  a  small  cavity  at  the  site  of  inoculation,  lined  by 
granulation  tissue,  with  two  sinuses  leading  from  it ;  the  lungs  contained  a  few  minute 
grey  tubercles,  and  there  were  a  few  doubtful  foci  in  the  liver  and  kidneys.  The  young 
animal  also  showed  a  tuberculous  cavity  at  the  site  of  inoculation,  with  several  openings 
from  it  through  the  skin  ;  the  adjacent  gland  was  tuberculous,  and  there  was  a  sinus  leading 
from  it  through  the  skin  ;  there  were  about  ten  nodules  in  the  lungs  and  numerous  minute 
tubercles  in  the  liver. 

(b)  Feeding  Experiments. 

Four  adult  dogs  and  four  puppies  were  fed  with  tuberculous  milk  or  emulsion  of  guinea- 
pigs'  organs.  Two  adults  and  two  puppies  each  received  1  million  tubercle  bacilli,  and  each 
of  the  others  received  10-15  million.  They  were  killed,  four  between  41  and  48  days,  and 
four  between  127  and  136  days.  In  only  two  animals  were  there  any  signs  of  any  tuberculous 
lesion,  and  this  was  minimal. 

Six  dogs,  three  young  and  three  adult,  were  fed  each  with  one  milligramme  of  culture. 
Two  of  the  adult  animals,  when  killed,  were  found  free  from  tuberculosis  ;  the  third  showed 
a  doubtful  lesion  in  the  lungs.  All  the  three  young  animals  showed  slight  tuberculosis,  in 
one  case  of  the  pharyngeal  glands  only,  in  another  of  the  pharyngeal,  mesenteric  and  bronchial 
glands,  and  of  the  tonsils  and  intestines  ;  in  the  third  case,  of  the  pharyngeal,  mesenteric 
and  ileo-colic  glands  alone. 

Ten  dogs  have  been  fed  with  culture  ;  in  six  instances  the  culture  used  was  derived  from 
the  original  material  of  a  bovine  virus  ;  in  the  remaining  ones  the  culture  had  previously 
passed  through  a  dog,  or  a  series  of  dogs. 

The  doses  varied  from  1  to  100  milligrammes. 

Three  of  the  dogs,  two  fed  with  one  milligramme,  the  other  with  32-5  milligrammes, 
showed  no  sign  of  tuberculosis  of  any  organ  or  gland. 

Another  fed  with  25  milligrammes  of  a  glycerine  serum  culture,  and  killed  64  days  after, 
showed  tuberculosis  of  one  pharyngeal  gland,  and  a  few  caseous  nodules  in  the  lungs. 

In  the  other  five  dogs  there  was  no  disease  of  the  alimentary  tract  or  glands  in 
connection  with  it,  but,  in  each,  one  or  two  small  tubercles  in  the  lungs  ;  these  tubercles 
were  of  the  fibrous  variety,  and  were  translucent  throughout,  except  one  (see  Dog  102), 
which  showed  a  fibro- caseous  centre. 

General  Results. — Dogs  are  therefore  very  little  susceptible  to  the  bacillus  of  bovine 
tuberculosis,  either  by  subcutaneous  inoculation  or  feeding.  They  are  more  suscept.ble  by 
intraperitoneal  inoculation. 

Effect  of  the  Bovine  Virus  in  Rats  and  Mice, 
(a)  Inoculation. 

Forty  rats  were  inoculated,  twenty-one  subcutaneously  and  nineteen  intraperitoneally,  Rats, 
with  cultures  of  tubercle  bacilli  from  sixteen  viruses.  The  dose  was  varied,  but  on  an  average 
was  about  10  milligrammes.  When  subcutaneously  inoculated  rats  are  very  refractory,  no 
obvious  disease  being  produced.  With  intraperitoneal  injection,  the  animals  may  die,  but 
as  a  rule  there  is  no  development  of  a  tuberculous  lesion  in  the  body.  Numerous  tubercle 
bacilli  are,  however,  found  in  the  various  organs.  This  dissemination  of  the  bacilli  occurs 
soon  after  inoculation.  The  results  of  inoculating  the  virulent  bovine  bacillus  into  rats  are 
n  great  contrast  to  those  obtained  in  other  animals. 

Fourteen  mice  were  inoculated,  8  subcutaneously  and  6  intraperitoneally.  with  an  emulsion  Mice, 
from  the  original  material,  Virus  B.  V.,  and  with  an  emulsion  from  a  gland  of  Calf  128, 
Virus  B.I.  The  animals  died  in  from  40  to  280  days,  and  showed  in  the  main  the  same 
results  as  the  rats,  viz.,  a  great  multiplication  of  tubercle  bacilli  in  the  tissues  without  the 
formation  of  characteristic  tuberculous  lesions.  In  mice,  however,  unlike  rats,  thin  walled 
nodules  containing  yellow  pus  full  of  bacilli  are  found  in  the  peritoneal  cavity,  after 
intraperitoneal  inoculation. 

(b)  Feeding  Experiments. 
Twenty-six  rats  were  fed  with  tuberculous  milk  alone  or  with  milk  and  tuberculous  organs  Rat3. 
of  rabbits  and  guinea-pigs  for  periods  of  from  12  to  33  days  ;  so  that  they  received  an  enormous 
dose  of  tubercle  bacilli.    In  only  two  cases  were  any  lesions  found,  and  these  were  minute 
grey  spots  in  the  mesenteric  glands  containing  tubercle  bacilli.    The  rat  therefore  appears  to 
be  but  little  susceptible  to  tuberculosis  by  feeding. 

Effect  of  the  Bovine  Virus  in  Hedgehogs, 
(a)  Inoculation. 

Two  hedgehogs  were  inoculated  ;  one  subcutaneously,  with  50,000  tubercle  bacilli  in  Hedgehogs, 
tuberculous  milk,  showed  in  45  days  a  local  lesion  and  caseation  of  the  nearest  glands. 
Another,  inoculated  with  the  same  dose  intraperitoneally,  showed  a  moderate  degree  of 
general  tuberculosis. 
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Two,  inoculated  subcutaneously  with  1  milligramme  of  culture  (Virus  B.  IX.),  showed  a 
local  lesion,  caseation  of  the  nearest  glands,  and  some  dissemination  in  the  organs  of  the  body. 

One,  inoculated  intraperitoneal^  with  the  same  dose,  died  in  19  days,  showing  a  tuberculous 
peritonitis. 

(b)  Feeding  Experiments. 

Six  hedgehogs  were  fed.  Two  were  fed  with  an  emulsion  of  tubercle  bacilli,  and  showed 
no  tuberculosis  in  26  and  72  days. 

Two  were  fed  with  tuberculous  milk  for  43  days  ;  one  killed  in  43  days  was  healthy  ;  the 
other  showed  tuberculosis  in  the  cervical  glands  and  left  pharyngeal  glands. 

Two  other  hedgehogs  were  fed  with  tuberculous  organs  and  milk  ;  one  showed  in  55  days 
tuberculosis  of  the  cervical  and  pharyngeal  glands,  and  the  other  tuberculosis  of  one  sub- 
maxillary gland. 

Effect  of  the  Bovine  Virus  in  Mongooses, 
(a)  Inoculation. 

VIongooses.  One  mongoose,  inoculated  subcutaneously  with  1  milligramme  of  culture  (Virus  B.  IX.), 
d  ed  in  29  days,  showing  a  local  lesion,  with  caseation  of  the  nearest  glands  and  a  few  lesions 
in  the  internal  organs. 

Another,  inoculated  intraperitoneally  with  the  same  dose,  showed  tuberculous  peritonitis 
and  a  few  tubercles  in  the  spleen  and  abdominal  glands. 

In  both  animals  bacilli  were  very  numerous  in  the  tissues. 


(b)  Feeding  Experiments. 

Four  mongooses  were  fed  each  with  1  milligramme  of  culture,  and  died  in  from  21  to  59 
days.  Two  showed  no  tuberculosis,  one  showed  a  caseous  submaxillary  gland  and  caseous 
bronchial  glands,  and  the  fourth  showed  tuberculosis  of  the  submaxillary  glands,  pharyngeal 
mesenteric  and  ileo-colic  glands,  and  of  the  spleen,  liver,  and  lungs  in  varying  degree. 


THE  QUESTION  OF  THE  MODIFICATION  OF  THE  BACILLUS  OF  BOVINE  TUBER- 
CULOSIS AS  REGARDS  CULTURAL  CHARACTERS  AND  VIRULENCE,  EITHER 
BY  ARTIFICIAL  CULTIVATION  OR  BY  PASSAGE  THROUGH  ANIMALS. 

1.  Modification  by  Sub-Cultivation  in  Different  Media. 

The  distinction  between  three  grades  of  the  bacilli  of  bovine  tuberculosis  has  already  been 
mentioned.  By  repeated  sub-culture  on  glycerine  media  all  viruses  grow  with  increased 
luxuriance.  This  property  is  retained  after  passage  through  animals,  such  as  the  calf,  rabbit, 
and  guinea-pig,  but  the  virulence  of  the  culture  is  not  diminished.  (See  Appendix  .)  It 
may  therefore  be  concluded,  from  the  large  number  of  observations  that  have  been  made, 
that  the  bacillus  of  bovine  tuberculosis  only  varies  in  cultural  characteristics  within  somewhat 
narrow  limits,  even  by  prolonged  sub- cultivation. 


2.  Modification  by  Passage  through  Animals. 

Several  series  of  experiments  were  performed  to  determine  whether  the  bacillus  became 
modified,  either  in  cultural  characteristics  or  in  virulence,  by  passage  through  various  animals 
The  animals  used  were  the  calf,  pig,  monkey  and  chimpanzee,  the  dog  and  the  guinea-pig. 

No  modifications  in  cultural  characters  or  in  virulence  were  to  be  observed  in  passage 
through  calves,  pigs,  guinea-pigs  or  chimpanzees. 

Virus  B.  I. — A  passage  was  carried  on  from  Cow  40  by  an  emulsion  from  a  gland,  in  which 
a  calf  and  two  adult  bovines  received  the  same  dose  subcutaneously.  Calf  102  developed 
generalised  tuberculosis  ;  the  adult  animals  showed  a  less  degree  of  disease  (H.  28,  H.  98). 
Here  again  there  seemed  only  the  difference  between  adult  animals  and  young,  and  no 
difference  in  the  characters  of  the  bacillus. 
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From  C.  102  the  passage  was  continued  into  two  calves  in  a  small  dos3,  and  both  of  these 
developed  general  tuberculosis,  and  from  one  of  these  calves  again  intramammarily  into  one 
cow,  and  then  into  the  mamma  of  another  cow.  But  in  considering  this  series  there  does 
not  appear  any  difference  in  the  virulence  from  Cow  40  to  near  the  end,  Cow  44,  because  a 
culture  from  Cow  40  and  one  from  Cow  44  equally  produced  general  tuberculosis  in  calves  and 
rabbits  in  the  large  doses  given. 

Virus  B.  II. — A  long  passage  experiment  was  undertaken  with  this  virus  from  Cow  4; 
which  had  been  injected  intramammarily  with  an  emulsion  from  the  original 
material.  From  the  mesenteric  glands  of  the  calf  which  sucked  this  cow  an  emulsion 
containing  a  small  dose  of  bacilli  (1,330)  was  injected  into  three  animals,  two  adults 
and  one  calf  (Sh.  H.  100,  H.  66,  C.  114).  There  was  generalised  tuberculosis  in  all  three. 
Subsequently  from  one  of  the  adult  animals  an  emulsion  was  injected  into  two  calves  in 
a  dose  of  about  205,000  tubercle  bacilli  (C.  134,  C.  136).  In  Calf  134  only  a  local  lesion 
developed  in  138  days.  In  the  other  calf  (136)  (intraperitoneal  injection)  there  was  local 
tuberculosis  of  the  peritoneum  and  glands.  Here,  without  further  experiment,  one  might 
consider  that  there  was  a  diminution  in  the  virulence,  inasmuch  as  the  doses  in  Calves  134 
and  136  were  fifteen  times  greater  than  that  given  in  Calf  144  and  Heifer  66.  But  it  is  to 
e  noted  that  a  culture  from  Heifer  66,  with  generalised  tuberculosis,  produced  general 
tuberculosis  in  calves  and  rabbits,  and  a  culture  obtained  from  Calf  134,  which  showed 
only  a  local  lesion,  produced  general  tuberculosis  in  calves  and  rabbits. 

To  proceed  with  the  passage.  From  Calf  134  the  virus  was  passed  through  two  sets  of 
guinea-pigs,  and  an  emulsion  of  the  guinea-pigs'  organs  injected  into  four  calves.  Calf  158 
(5,000  tubercle  bacilli)  developed  only  slight  local  tuberculosis.  Calf  178,  which  received 
the  same  dose  as  Calf  134,  had  generalised  tuberculosis.  Calf  180,  with  4*48  million 
tubercle  bacilli,  and  Calf  160,  with  542,000,000  tubercle  bacilli,  developed  generalised 
tuberculosis. 

It  is  quite  evident  from  these  results  that  with  the  bovine  virus  the  production  of  a  m  nimal 
lesion  by  a  small  number  of  tubercle  bacilli  is  not  to  be  taken  as  a  sign  of  deficient  virulence 
of  the  bacillus,  as  with  a  similar  dose  general  tuberculosis  may  be  produced.  It  may  also  be 
deduced  that  it  is  a  more  accurate  gauge  of  the  virulence  of  a  strain  of  tuberculous  virus  to 
investigate  the  action  of  the  culture  in  definite  doses. 

Virus  B.  IV. — Attention  need  only  be  called  to  the  fact  that  a  culture  from  the  original 
material  was  highly  virulent  to  calves  and  rabbits,  and  yet  we  have  in  Cows  172  and  164  the 
anomaly  of  the  same  estimated  dose  of  tubercle  bacilli,  producing  in  one  case  (Cow  172)  local 
tuberculosis,  and  in  the  other  case  death  from  generalised  tuberculosis. 

Virus  B.  V. — In  Virus  B.  V.  the  only  point  to  be  noted  in  the  passage,  which  was  not 
carried  out  to  any  great  extent,  was  that  Calf  144,  which  received  4-5  million  tubercle  bacilli 
of  a  tissue  emulsion  subcutaneously,  developed  generalised  tuberculosis,  whereas  Calf  202, 
which  was  rather  older  than  Calf  144,  and  received  0  01  milligramme  of  culture,  developed 
only  local  tuberculosis.  0  01  milligramme  is  supposed  to  contain  at  least  50  million  tubercle 
bacilli,  but  in  this  case  the  emulsion  containing  a  smaller  number  of  bacilli  appeared  to  be 
more  virulent  than  the  culture. 

Other  cases  occurred  in  these  experiments  dealing  with  the  point  already  mentioned, 
namely,  that  a  small  lesion,  even  though  it  be  calcareous,  produced  by  the  bovine  virus 
does  not  necessarily  mean  that  a  virulent  culture  cannot  be  obtained  from  it.  This  point 
need  not  be  further  elaborated.  Suffice  it  to  say  that  in  experiments  with  calves  injected 
with  50  milligrammes  subcutaneously  of  culture  in  fifteen  out  of  the  twenty  viruses  the 
culture  was  obtained  either  from  the  original  material  direct  or  through  guinea-pigs,  and 
many  of  these  lesions  were  old  and  calcareous. 

Virus  B.  I.  was  passed  through  a  series  of  four  pigs  in  succession,  all  of  which  developed  pig  pass, 
general  tuberculosis.    The  total  period  of  residence  of  the  bacillus  in  the  pig  was  551  days. 
The  culture  obtained  from  the  last  pig  of  the  series  was  unaltered,  both  in  cultural 
characteristics  and  in  virulence. 

Virus  B.  IV.  and  Virus  B.  IX. — were  passed  through  two  series  of  chimpanzees.    Virus  chimpan- 
B.  IV.  was  used  for  feeding  a  chimpanzee,  which  died  with  tuberculous  lesions.    A  culture  I'assage. 
from  this  animal  was  used  for  feeding  a  second  chimpanzee,  which  died  of  tuberculosis,  and  a 
culture  obtained  from  it  was  used  for  feeding  a  third  chimpanzee.    The  total  period  of 
residence  of  the  bacillus  in  the  animal's  body  was  348  days. 

A  similar  experiment  was  done  with  Virus  B.  IX.,  but  no  alteration  in  cultural  character- 
istics or  in  virulence  resulted  from  the  passages. 

Virus  B.  II.  was  passed  through  a  series  of  twenty-four  guinea-pigs  by  inoculation.    The  Guinea-pi 
total  period  of  residence  in  the  guinea-pig's  body  was  3  years  166  days.     The  cultural  Passage, 
characteristics  remained  precisely  the  same  at  the  end,  and  the  virulence  was  unaltered. 
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Monkey  Six  Passage  Experiments  were  carried  out  on  monkeys  and  baboons  with  three  viruses 

Passage.  (B.  I.,  B.  IV.,  and  B.  IX.).  In  each  experiment  there  were  two  passages,  and  with  one 
exception  the  bacillus  remained  the  same,  both  in  virulence  and  in  cultural  characteristics. 
The  exception  was  with  Baboon  8,  an  animal  which  had  been  infected  with  the  milk 
of  Cow  64  (Virus  B.  I.).  The  culture  showed  a  distinct  increase  in  luxuriance  on  the  differ- 
ential media,  and  when  passed  into  a  second  baboon  showed  a  still  further  increase  in 
luxuriance.    The  virulence,  however,  was  unchanged. 

A  similar  passage  to  the  above  was  done  with  two  lemurs  but  the  bacillus  was  not  altered 
in  cultural  characters  or  in  virulence. 

All  the  animals  which  have  been  mentioned,  on  which  the  Passage  Experiments  were  done, 
were  those  that  are  highly  susceptible  to  infection  by  the  bacillus  of  bovine  tuberculosis. 

Dog  Passage.  "^The  dog  possesses  a  high  degree  of  resistance  to  the  bacillus,  and  of  the  experiments 
performed  up  to  the  .present  it  is  not  possible  to  decide  definitely  whether  any  modification 
of  the  bacillus  occurs  in  the  dog  or  not.  All  the  animals  were  fed,  Viruses  B.  IV.,  B.  VIII., 
and  B.  IX.  being  used  in  individual  experiments.  From  some  of  those  that  showed  tuber- 
culous lesions,  Dogs  18,  50,  72  and  92,  the  cultures  obtained  were  more  luxuriant  than  the 
original  culture.  The  virulence  was  unaltered  except  in  the  case  of  Dogs  18  (Virus  B.  IV.) 
and  50  (Virus  B.  IX.).  These  were  non- virulent  to  rabbits.  The  experiments  will  have 
to  be  repeated  before  any  conclusions  can  be  drawn. 


GENERAL  REMARKS. 

The  following  general  conclusions  are  important  in  regard  to  the  consideration  of  the 
results  obtained  with  the  viruses  of  bovine  origin  : — 

1.  Cultures  of  the  bovine  bacillus  obtained  from  tuberculous  lesions  in  cattle,  whether 
from  the  original  material  or  from  lesions  in  animals  inoculated  with  the  original  material, 
produce  in  calves,  when  given  in  fifty  milligramme  doses,  general  tuberculosis  of  all  the 
organs  and  glands  of  the  body,  usually  in  a  very  acute  form,  and  in  the  greater  pro- 
portion of  instances  killing  the  animals,  this  occurring  within  a  period  of  under  50  days. 
This  dose  must  be  considered  an  enormons  one,  as  in  view  of  the  experiments  done  with 
smaller  doses  of  culture,  even  five  milligrammes  has  produced  fatal  general  tuber- 
culosis in  a  calf.  In  a  series  of  calves  injected  each  with  ten  milligrammes,  one  case 
occurred  of  minimal  disease  from  the  injection. 

2.  When  injected  into  bovines  in  the  form  of  emulsions  of  tuberculous  lesions,  the 
bovine  virus  in  those  strains  that  were  tested  (five  in  number)  produces  a  generalised 
disease,  but  not  in  all  cases,  and  instances  are  noted  in  which  a  minimal  lesion  was 
produced  in  a  calf  by  the  injection  of  an  emulsion,  and  a  virulent  culture  obtained  from 
this  lesion. 

It  is  to  be  noted  that  the  number  of  estimated  bacilli  injected  in  any  of  the  animals 
is  much  smaller  than  that  which  is  estimated  to  be  contained  in  fifty  miligrammes  of 
culture,  and  the  experiments  make  it  quite  clear  that  in  estimating  the  virulence  of  any 
particular  strain  of  virus  for  the  bovine,  it  is  not  a  sufficient  test  to  use  emulsions  only  for 
inoculation. 

3.  Injected  into  rabbits,  cultures  of  the  bovine  tubercle  bacillus  produce  general 
tuberculosis,  either  given  subcutaneously  or  intraperitoneally,  in  doses  of  0-1  and 
one  milligramme.  With  rabbits,  emulsions  always  produced  general  tuberculosis 
in  whatever  dose  given. 

4.  With  regard  to  the  other  animals  used,  general  tuberculosis  is  produced  by  inocula- 
tion and  feeding  with  the  bovine  virus  in  pigs,  goats,  and  monkeys.  Cats  are  susceptible 
by  intraperitoneal  and  subcutaneous  injection,  and  to  a  much  less  extent  by  feeding,  and 
dogs  are  susceptible  by  intraperitoneal  inoculation,  but  refractory  by  subcutaneous 
inoculation  and  feeding,  while  rats,  mice,  and  hedgehogs  are  very  insusceptible  to 
feeding,  rats  being  the  most  refractory. 

5.  It  has  also  been  clearly  shown  that  the  chimpanzee  is  highly  susceptible  to  the 
bovine  virus,  both  by  inoculation  and  by  feeding. 

The  results  obtained  by  the  bovine  virus  in  these  directions  are  so  clear  that  it  does  not 
appear  advisable  to  perform  any  more  experiments  on  the  same  lines. 
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EXPERIMENTS  WITH  TUBERCULOUS  VIRUSES  OF  HUMAN  ORIGIN. 

1.  Origin  of  the  Different  Strains  of  Human  Viruses. 

The  viruses  used  in  the  investigation  were  sixty  in  number  (H.  1  to  H.  66),  and  were  ob- 
tained from  human  beings  of  all  ages  suffering  from  tuberculosis.  Most  of  the  material  was 
obtained  at  the  post-mortem  examination  of  the  cases.  Some  of  the  material,  however,  as, 
for  example,  that  from  cervical  glands  and  joints,  was  obtained  from  operations  on  patients. 
A  post-mortem  record  of  the  cases  investigated,  and  a  clinical  record,  as  far  as  it  was  possible 
to  obtain  this,  will  be  found  in  Appendix  .  For  the  purposes  of  this  Memorandum  the 
cases  will  be  divided  into  classes  according  to  the  presumed  seat  of  origin  of  the  tuberculosis. 
The  following  classes  of  cases  were  examined  : — 

1.  Sputum  from  cases  of  pulmonary  tuberculosis  (4  cases).  Animals  were  fed  with 
this,  and  cultures  were  obtained  from  the  sputum  and  used  for  inoculation. 

2.  Lesions  of  the  lung  in  cases  of  primary  pulmonary  tuberculosis  were  examined  in 
ten  cases.  These  are  called  primary  lung  tuberculosis,  because  they  exhibited  the 
features  associated  with  that  disease  :  tuberculosis  of  the  lung,  with  destruction,  being 
the  main  lesion  in  the  body.  Some  of  the  cases  had  other  tuberculous  lesions  in  the  body, 
which  were  secondary  to  the  lung.  In  one  case  (H.  58,  "  F.G."),  as  the  cervical  glands  had 
obviously  been  diseased,  although  no  longer  actively  so,  being  hard  and  calcareous,  the  first 
tuberculous  infection  may  have  been  in  the  cervical  glands.  The  patient,  however,  died 
of  active  tuberculosis  limited  to  the  lungs.  Eight  of  the  patients  in  this  class  were 
adults  over  twenty-five  years  of  age  ;  two  were  aged  sixteen  and  one  year  respec- 
tively. 

3.  In  one  case  of  general  tuberculosis  in  a  child  the  primary  seat  of  disease  was  undis- 
coverable  (H.  35,  "  C.B.").  A  good  many  other  cases  of  general  tuberculosis  have  been 
investigated,  but  in  all  these  the  origin  of  disease'was  either  in  the  bronchial  glands  or  in 
the  mesenteric  glands. 

4.  Bronchial  Gland  Tuberculosis. — Four  of  these  cases  were  investigated.  They 
occurred  in  children.  In  two  the  bronchial  glands  were  the  only  parts  tuberculous.  In 
the  others  the  disease  had  affected  the  lungs  as  well,  in  the  form  of  miliary  tuberculosis,  or 
had  produced  meningitis. 

5.  Cervical  Gland  Tuberculosis. — Nine  of  these  cases  were  investigated.  In  fill  the 
glands  had  been  removed  by  operation.  The  cases  were  those  typical  of  "  strumous  " 
glands  in  the  neck,  no  other  tuberculous  lesion  being  discoverable. 

6.  Cases  of  Primary  Abdominal  Tuberculosis. — Nineteen  of  these  cases  were  in- 
vestigated. All  occurred  in  children  and  showed  some  distinctive  feature  demon- 
strating the  primary  origin  of  the  disease.  In  some  there  was  ulceration  of 
the  intestine  :  in  others  tuberculous  peritonitis.  All  showed  caseation  of  the  mesen- 
teric glands.  In  some  cases  the  patient  died  of  generalised  tuberculosis.  In  all  cases  the 
mesenteric  glands  were  used  for  investigation,  but  in  some  of  those  in  which  there  was 
generalisation  of  the  disease  lesions  remote  from  the  mesenteric  glands  were  used,  such  as 
those  occurring  in  the  bronchial  glands,  lungs  and  the  meninges. 

7.  Joint  and  Bone  Tuberculosis. — Ten  of  these  cases  were  investigated.  They  all 
occurred  in  adults  with  no  other  obvious  tuberculous  lesion,  and  comprised  casas 
affecting  the  wrist  (one  case),  elbow  (one  case),  hip  (one  case),  knee  (four  cases),  ankle 
(two  cases),  spinal  caries  (one  case).  The  material  used  for  investigation  was  that  removed 
by  operation. 

8.  One  case  of  tuberculosis  of  the  testicle  and  one  of  the  kidney  were  investigated. 
Both  had  been  removed  by  operation. 

9.  One  case  of  lupus  was  investigated. 

The  material  which  was  obtained  from  the  patients  was  used  for  investigation,  either  by 
making  an  emulsion  of  it,  and  injecting  it  into  animals,  or  by  injecting  an  emulsion  into 
guinea-pigs  and  obtaining  a  culture  from  the  lesions  produced,  or  by  both  methods.  In  all 
cases  a  culture  was  obtained  of  each  virus  and  used  for  investigation. 

In  the  following  table  the  viruses  which  have  been  completely  investigated  are  grouped 
together  as  regards  the  virulence  of  the  original  virus  on  bovines  and  rabbits.  The 
effects  on  these  animals  of  the  bacillus  of  bovine  tuberculosis  in  certain  doses  have  been 
found  to  be  definite,  so  that  the  first  comparison  of  the  human  virus  and  the  bovine  virus 
must  be  with  regard  to  its  effect  on  bovines  and  rabbits. 

The  classification  is  am  artificial  one  and  is  based  on  the  differences  between  the  viruses 
investigated.  The  points  of  resemblance  between  the  viruses  are  discussed  on  pages  80 
88  and  97. 
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TABULAR  SUMMARY  OF  RESULTS. 


Nature  of  Case. 

Part  used  for 
Experiment. 

Viruses  Virulent 
for  Bovines  and 
Rabbits. 

Yiruses  Slightly 
Virulent  for 
Bovines  and 

TJn  Khits 

XldUUllS. 

Viruses  of 
irregular  Viru- 
lence for  Bovines 

Viruses  Slightly 
Virulent  at  first  for 
Bovines  and  Rabbits 
becoming  Virulent 
afterwards. 

I. — Sputum.   (4  cases.) 

Sputum 

H.  2,  "Sp.  A." 

H.  1,  "CM." 
H.  62,  "  W.M." 

H.  17,  "  Br.  Sp.  B." 

II. — Primary  Pulmon- 
ary Tuberculosis. 
(10  cases.) 

• 

Lung 

Lung, 
cervical 
gland. 

H.  22,  "  F.W." 
H.  23,  "  J.P." 
H.  25,  "  A.T." 
H.  45,  "F.M." 
H.  48,  "  W.P." 
H.  50,  "P.H." 
H.  51,  "  H.M." 
H.  52,  "  T.F." 
H.  56,  "  F.T." 
H.  58,  "  F.G." 

III.— General  Tuber- 
culosis.  (1  case.) 

Bronchial 
glands. 

— 

H.  35,  "  C.B." 

— 

IV. — Bronchial  gland 
Tuberculosis. 
(4  cases.) 

Bronchial 
glands. 

H.  54,  "  CW." 
H.  61,  "  E.C" 

— 

H.  13,  "  A.D." 
H.  21,  "  G.B." 

V . — (Jervical  gland 
Tuberculosis. 
(9  cases.) 

Cervical 
glands. 

TT    c\  r>     ((HT  J? 

H.  28,  (J.L. 
H.  29,  "  M.F." 
H.31,"L.F." 

H.  27,  B.D. 
H.  33,  "  R.T." 
H.  34,  "  CU." 
H.  37,  "  O.J." 
H.  39,  "  M.B." 
H.  44,"D.C" 

VI. — Primary  abdo- 
minal] tuberculosis. 
(19  cases.) 

Mesenteric 
glands 

Mesenteric 
gland,  cervical 
gland, 
meninges 

Mesenteric 
gland,  bronchial 
gland 

Mesenteric 
gland,  lung, 
cervical  gland, 
meninges 

Mesenteric 

gland, 
meninges 

Mesenteric 
gland,  lung, 
meninges 

H.  7,  "CM." 
H.  10,  "  B.S." 
H.  14,  "  F.S." 
H.  19,  "  S.W." 
H.  20,  "F.L." 
H.  38,  "  J.M. 

PL  32,  "  Y.W." 
H.  59,  "  L.B." 

H.  64,  "M.G." 
H.  65,  "  K.B." 

H.   8,  "  S.C" 
H.  12,  "  H.N." 
H.  18,  "  T.T." 
H.  30,  "  E.M." 
H.  36,  "  M.D." 
H.  55,  "R.D." 
H.  57,  "  B.J." 
H.  63,  "  G.R." 

H.  49,  "T.C." 

VII. — Joint  tubercu- 
losis.  (10  cases.) 

Scrapings 
from  joints 

Pus  from 
lumbar 
abscess. 

H.  9,  "C.T." 

H.  11,  "E.D." 

H.  15,  "I.W." 
tt   At   in  c  )) 
H.  41,  A.b. 

H.  42,  "  M.R." 

H.  43,  "  F.F." 

H.  46,  "  H.W." 

H.  47,  "  S.B." 

H.  66,  "W.C." 

■   —  ' 

H.  16,  "  J.H." 

VIIT. — Tuberculosis  of 
testicle. 

Of  kidney.  (2  cases.) 

Testicle 
Kidney 

H.  40,  "J.G." 
H.  26,  "  E.M." 

IX. — Lupus.   (1  case.) 

Scrapings  of 
the  lesions. 

H.  53,  "  D.H." 
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In  addition  to  these,  in  the  early  part  of  the  work,  an  emulsion  of  a  chronic  tuberculous 
lung  (H.  4,  "  M.L.")  (dose  of  bacilli  not  estimated)  was  injected  subcutaneously  into  two 
adult  Jersey  heifers.  One  animal  was  found  normal  at  the  end  of  207  days.  The  other  in 
79  days  showed  a  local  tuberculous  abscess  and  calcareo-caseous  tubercle  in  the  nearest  glands. 
An  emulsion  of  these  lesions,  injected  into  two  normal  heifers  subcutaneously,  and  into  one 
cow  into  the  mamma,  produced  no  result,  all  the  animals,  when  killed  in  from  173  to  247 
days,  being  found  healthy. 

In  another  case  10  cc.  of  sputum  (H.  3)  were  injected  into  each  of  two  places  in  a  Jersey 
heifer.    Only  local  lesions  were  found  in  207  days. 

H.  6  "U.H.,"  a  case  of  abdominal  tuberculosis,  was  used  for  injection  into  3  adult 
bovines :  minimal  results  followed.  A  monkey  injected  developed  general  tuberculosis. 
No  cultures  were  investigated. 

These  three  experiments  are  not  included  in  the  Table,  as  they  can  only  be  considered  a 
very  incomplete  test  of  the  virulence  of  a  particular  virus. 

H.  24  "  A.B."  is  excluded  from  the  table  as  no  tuberculosis  was  produced  in  guinea-pigs 
by  it.  H.  60  "  W.B."  is  excluded,  as  some  doubt  existed  as  to  the  accuracy  of  the  first 
experiments.    H.  5  was  not  an  experiment  with  an  original  human  virus. 

The  experiments  which  have  been  performed  with  the  viruses  mentioned  in  the  Table  are 
as  follows  : — 

1.  Experiments  in  bovines  by  inoculation  and  feeding  ;  in  some  cases  with  emulsionsj 
in  all  with  cultures. 

2.  Experiments  in  rabbits  by  inoculation  and  feeding. 

3.  Experiments  in  other  animals,  pigs,  goats,  monkeys,  cats,  dogs,  rats,  and  the 
chimpanzee. 

The  results  of  the  experiments  will  be  considered  according  to  the  division  made  in  the  Table. 

VIRUSES  VILULENT  FOR  BOVINES  AND  RABBITS. 
The  viruses  included  in  this  group  are  :— 

H.  2,  Sp.  A.,  sputum  feeding;  H.  28  "  C.L.,"  H.  29  "  M.F.,"  H.  31  "  L.F.,"  cervical 
gland  tuberculosis;  H.  7  "  CM.,"  H.  10  <:  B.S.,"  H.14"F.S.,"  H.  19"S.W.,"  H.20,"F.L.," 
H.32  "Y.W,"  H.  38  "  J.M,"  H.  59  "  L.B.,"  H.  64  "M.G.,"  H.  65  "  K.B.,"  abdominal 
tuberculosis. 

Character  of  the  Cultures. 

In  his  investigation  of  the  cultures  of  these  fourteen  virulent  strains,  Dr.  Eastwood  places 
them  all  in  the  three  grades,  which  have  already  been  described  as  comprising  the  viruses  of 
bovine  origin.    (Bacillus  of  Bovine  Tuberculosis,  page  1.) 

Grade  /.—Contains  H.  10  "  B.S.,"  H.  14  "  F.S.,"  and  H.  28  "  C.L.,"  H.  59  "  L.B.,"  H.  64 
"M.S.,"  H.  65  "  K.B." 

Grade  II.  contains  H.  20  "  F.L.,"  H.  29  "  M.F.,"  H.  31  "  L.F.,"  and  H.  49  "  T.C." 

Grade  III.  contains  H.  2,  «  Sp.  A.,"  H.  7,  "  C.  M.,"  H.  19,  "  S.  W.,"  H.  32,  "  Y.  W.," 
H. 38,"  J.M." 

(a)  Effect  of  Inoculation  and  Feeding  in  Bovines. 

1.  Inoculation  into  Bovines. 

Inoculation  of  Emulsions. 

Ten  out  of  the  fourteen  viruses  were  tested  in  this  way  ;  the  exceptions  were  tested  only  in  Emulsion 
culture. 

The  emulsions  were  injected  into  calves  and  into  adult  bovines  subcutaneously.  A  few  Bovines. 
were  also  injected  intravenously,  intraperitoneally  and  intramammarily. 


SUBCUTANEOUS   INJECTION   OF   EMULSIONS   INTO  BOVINES. 


Dose  of  T.B. 

Number 
of  Calves. 

Result* 

Number 
of 
Adult 
Bovines. 

Result. 

G.T. 

A.  B.  C.  D. 

G.  T. 

A.  B.  C.  D. 

5,000  to  12,000   

4 

3 

C. 

48,000  to  301,000  .... 

6 

6 

1  million  to  5'09  million  - 

12 

9 

B.  C.  D. 

5 

4 

D..  ' 

10  million  to  15"8  million  - 

3 

3 

355"5  million  to  654'1  million 

5 

5 

4 

4 

901-4  million  to  3,447  million  - 

7 

7 

3 

3 

And  9,132-8  million  - 

Total     ...  . 

37 

33 

4  12 

11 

1 

*  For  explanation  of  the  letters  ftr.o.  n.  2. 
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If  considered  according  to  viruses,  all  these  produced  in  one  or  other  dose  a  generalised 
disease.  The  smallest  dose  which  produced  generalised  tuberculosis  was  5,000  tubercle 
bacilli  (H.  10,  "  B.  S.")  A  similar  dose,  however,  of  this  virus  produced  only  C.  H.  49, 
"  S.W."  with  1-5  million  tubercle  bacilli,  produced  in  one  case  acute  tuberculosis,  in  another 
case  C.  This  virus  in  an  adult  bovine,  with  1*1  million,  also  produced  D.  With  53-4  million 
it  produced  in  an  adult  bovine  G.T.  on  two  occasions.  On  the  whole,  judging  from  the  emulsions, 
H.  19,  "  S.W."  would  not  appear  to  be  so  virulent  as  some  of  the  other  strains.  Although 
in  large  doses  of  culture  it  was  very  virulent  to  both  calves  and  rabbits.  H.  29,  "  M.F."  is 
perhaps  in  the  same  category. 

Of  the  calves  fifteen  out  of  the  thirty-seven  either  died  or  were  killed  when  dying.  The 
remaining  calves  were  killed  at  various  periods  when  well,  the  longest  period  being  172  days. 
The  shortest  periods  were  as  follows  : — A  calf  died  in  27  days  from  a  dose  of  3,447,000,000 
tubercle  bacilli  (H.  20,  "  F.  L.") ;  another  in  25  days  (H.  28,  "  C.L.")  of  901,000,000  ;  another 
in  23  days  (H.  14,  "  F.S.")  of  362,000,000 ;  another  in  22  days  (H.  32,  "  Y.W.")  of 
2,348,000,000  tubercle  bacilli. 

Of  the  twelve  adult  animals  three  died  or  were  killed  very  ill.  Two  of  the  others  were  ill 
when  killed,  and  the  others  were  well  when  killed.  The  duration  of  life  was  between  21  days, 
with  the  largest  dose  (a  bull  that  died),  and  182  days,  an  animal  that  received  534,000,000 
(H.  19,  "  S.W.")- 

Comparing  these  results  with  those  obtained  with  the  emulsions  of  viruses  of  bovine  origin, 
the  general  correspondence  of  the  results  is  to  be  noted  ;  though  the  dose  in  different  cases 
varied  considerably,  both  in  calves  and  in  adult  bovines,  the  great  majority  of  the  animals 
developed  a  generalised  disease,  which  in  many  cases  ended  fatally. 

(b)  Intramammary  Inoculations.  Three  stains  were  inoculated  into  each  of  two  quarters 
of  the  mamma  in  three  cows  : — ■ 

994,000  tubercle  bacilli  (H.  10,  "  B.S.")  inoculated  into  each  of  two  quarters  (Cow 
295)  produced  only  a  local  and  minimal  tuberculosis,  although  a  generalised  disease  was 
produced  in  all  the  other  bovines  that  were  inoculated  subcutaneously  with  the  strain, 
except  one  (Calf  335). 

Nineteen  million  tubercle  bacilli  (H.  14,  "  F.S.")  into  each  of  two  quarters  (Cow  75)  pro- 
duced acute  tuberculosis  of  the  mamma,  and  of  the  lymphatic  glands  as  far  as  the  iliac 
glands.    The  cow  was  very  ill  when  killed  in  34  days. 

Twenty  million  tubercle  bacilli  (H.  28,  "  C.L.")  injected  into  each  of  two  quarters 
(Cow  143)  produced  acute  tuberculosis  of  the  mamma,  and  of  the  lymphatic  glands  as 
far  as  the  iliac  glands.    The  animal  was  killed  when  dying  in  38  days. 

Although  only  three  experiments  were  performed,  they  are  quite  sufficient  in  number  to 
show  the  similarity  of  the  action  of  these  virulent  strains  of  human  origin  with  the  bovine 
strains  in  experimental  tuberculosis  of  the  udder. 

(c)  Intravenous  Inoculations. — Only  two  strains  were  used  (H.  2,  "  Sp.  A  "  and  H.  7, 
"  CM.").  Two  animals  were  injected  with  the  former  with  301,000  tubercle  bacilli ;  two 
with  the  latter,  48,000  tubercle  bacilli.  All  the  animals  died  within  33  to  41  days  from 
general  tuberculosis. 

(d)  Intraperitoneal  Inoculations— -The  same  two  strains  were  used  for  intraperitoneal 
inoculations  into  four  calves  : — 

602,000  tubercle  bacilli  (H.  2,  "  Sp.  A.")  killed  a  calf  in  73  days  with  general  tubercu- 
losis. 

48,000  tubercle  bacilli  (H.  7,  "  CM.")  killed  a  calf  in  40  days  with  general  tuberculosis. 

301,000  tubercle  bacilli  (H.  2,  "  Sp.A.")  and  48,000  tubercle  bacilli  (H.  7,  CM.") 
were  injected  intraperitoneally,  but  the  injection  was  found  to  be  not  into  the  peritoneum, 
but  into  the  muscular  subperitoneal  tissues.  Both  remained  well,  and  when  killed 
showed  a  moderate  degree  of  tuberculosis. 

2.  Inoculation  of  Cultures  into  Bovines. 

All  the  viruses,  fourteen  in  all,  were  tested  as  regards  their  virulence  by  subcutaneous 
injection  of  cultures  into  bovines.  The  total  age  of  the  cultures  varied  from  five  weeks  to 
three  years  ;  the  age  of  the  individual  culture  used  for  inoculation  was  about  three  weeks. 
Cultures  were  injected  subcutaneously  in  varying  doses,  two  calves  as  a  rule  being  used  for 
each  virus. 

Inoculation  of  Culture  in  50  Milligramme  Doses.— With  each  strain  two  calves,  as  a  rule, 
were  inoculated,  sometimes  more.  In  all  thirty-two  calves  were  inoculated  with  50  milli- 
grammes. All  except  three  died  or  were  killed  when  dying  in  periods  varying  from  21  days 
to  81  days. 
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Of  the  two  receptions  one  was  killed  well  in  90  days  (H.  10,  "  B.  S.")  ;  the  other  was  killed 
well  in  90  days  (H.  7,  "CM."). 

All  the  calves  showed  generalised  tuberculosis. 

The  disease  produced  by  this  large  dose  of  culture  was,  a  a  rule  extremely  acute  and  genera- 
lised, and  is  exactly  comparable  in  its  average  duration,  its  appearances,  anatomical  distri- 
bution and  microscopic  structure  to  the  acute  disease  caused  by  the  inj  ection  of  large  d  :>ses 
of  cultures  of  bovine  origin. 

Subcutaneous  Injection  of  43  M-illigrammes  (H.  23,  "  C.  L."),  of  30  Milligrammes  (H.  31, 
''  L.  F."),  and  of  23  Milligrammes  (H.  38,  "  J.  M.")  killed  the  calves  with  general  tuberculosis. 

10  Milligramme  Doses. — -Twelve  of  the  viruses  were  each  injected  into  two  calves  in  doses 
of  10  milligrammes.  The  viruses  which  were  not  injected  were  H.  64,  "  M.  G.,"  H  65,  "K.B." 
In  some  cases  more  than  two  calves  were  used.  The  object  of  injecting  10  milligramme 
doses  was  to  compare  with  the  similar  experiments  performed  with  the  bovine  viruses,  and 
to  see  whether  there  was  any  variation  in  the  virulence  of  the  individual  viruses  when 
doses  smaller  than  50  milligrammes  were  given. 

Thirty -two  calves  in  all  were  inoculated.  Twenty -five  died  or  were  killed  when  dying  in 
from  19  to  69  days.  They  all  showed  general  tuberculosis.  The  other  calves  were  killed 
apparently  well,  in  90  days,  and  of  these  only  three  showed  slight  tuberculosis.  The  others 
showed  a  generalised  tuberculosis,  though  not  of  an  acute  type.  Those  that  showed  slight 
tuberculosis  were  as  follows  : — . 

With  Virus  H.  28,  "  C.  L."  six  calves  were  inoculated  subcutaneously,  each  with  10  milli- 
grammes.   Five  showed  generalised  tuberculosis,  and  one  showed  only  slight  tuberculosis  (D.). 

With  Virus  H.  59,  "  L.  B."  five  calves  were  inoculated.  Four  died  of  acute  tuberculosis 
one  showed  only  slight  tuberculosis  (D.). 

Of  the  two  calves  inoculated  with  Virus  H.  20,  "  F.  L."  one  died  of  acute  tuberculosis,  and 
the  other  showed  slight  tuberculosis  (D.). 

It  cannot  be  said  that  these  experiments  bring  out  any  variation  in  virulence  of  these 
viruses,  and  the  small  amount  of  disease  obtained  in  a  few  of  the  instances  can  probably  be 
explained  as  individual  resistance  on  the  part  of  the  animal.  A  similar  result  was  obtained 
with  the  bovine  viruses  when  10  milligrammes  were  used  for  inoculation  (see  page  58). 


3.  Feeding  with  Strains  of  Virulent  Viruses. 

Virus  H.  7,  "  CM." — One  calf  sucked  Cow  73,  in  which  very  chronic  and  slight  tuberculosis  Feeding 
of  the  udder  was  produced  by  intramammary  injection  into  two  quarters  of  Virus  H.  7,  q*^6™11 
"  CM."    The  calf  sucked  for  170  days,  and  when  killed  showed  calcareous  foci  in  three 
mesenteric  glands  and  no  other  lesion. 

Virus  H.  14,  "  F.S." — Another  calf  (181)  sucked  its  mother  (Cow  75)  which  had  acute 
tuberculosis  of  the  udder  induced  by  injecting  19,000,000  tubercle  bacilli  (H.  14,  "  F.S.") 
into  each  of  two  quarter  ;.  The  cow  was  killed  when  very  ill  in  34  days,  and  the  sucking 
calf,  killed  in  114  days,  showed  numerous  tuberculous  lesions  in  the  intestine,  caseation  of 
all  the  mesenteric  glands,  and  sparsely  scattered  tubercles  in  the  liver,  spleen,  lungs,  omentum, 
cervical  and  thoracic  glands. 

These  are  the  only  two  experiments  in  sucking  calves  with  virulent  strains. 

Another  calf  was  fed  with  an  emulsion  of  the  prescapular  gland  and  local  lesion  produced 
by  an  emulsion  of  a  lesion  of  H.  2,  "Sp.  A."  The  lesion  used,  which  was  produced  by 
a  subcutaneous  inoculation,  was  very  slight  and  caseo-calcareous.  The  calf  which  was  fed 
with  this  emulsion  was  killed  in  69  days,  and  showed  only  a  minimal  lesion,  namely,  tuber- 
culous nodules  in  two  mesenteric  glands. 


Effects  of  Inoculation  and  Feeding  in  Rabbits  and  Guinea-pigs. 

The  virulence  of  each  of  the  viruses  was  tested  in  rabbits  by  means  of  the  inoculation  of  Inoculation, 
both  emulsions  and  cultures.  Rabbits. 


Injections  of  Emulsions  into  Rabbits. 

Ten  of  the  viruses  were  injected  in  the  form  of  emulsions  into  rabbits,  and  the  following  Emulsions, 
table  shows  the  results  : — 
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EMULSION  INJECTIONS  INTO  EABBITS. 


Virus. 

Number 

of 
rabbits. 

Intraperi- 
toneal. 

Intra- 
venous. 

Subcu- 
taneous. 

Number 
of  cases  of 
slight 
tuberculosis. 

Dose  of 
tubercle  bacilli. 

Cervical  Glands^ 

H  29  "  M  F  " 

JL-l-  ■          —     ■     '.                         .'1.1  « 

2 

1  G.T. 

1  G.T. 

oUi  million. 
151  „ 

H.  28,  "  C.L."  - 

4 

2  „ 

2  „ 

19  million. 

(2.-). 
yu  in liiion. 

225  „ 

H.  31,  "  L.F."  - 

2 

1  „ 

1  G.T. 

1*9  :.„ 

Ahdminal  Tuberctdosis. 

H.  10,  "  B.S."  - 

2 

1  » 

1  „ 

361,000. 

H.  14,  "  F.S."  - 

4 

1  „ 

— 

9 

a  n 

1.  Intra- 

JJeillOIiecll 

injection. 

(1)  Subcu- 
taneous and 
into  cascum. 

Not  estimated. 

H.  19,  "  S.W."  - 

4 

2  „ 

1  G.T. 

1  „ 

H.  20,  "  F.L."  - 

10 

5  „ 

1  » 

2 

r  'J  )» 

168,900. 

1*2  million. 

(2.) 
31'5  million. 

(2-) 

114-9  million. 
143-6  „ 

H.  32,  "  Y.W."  - 

4 

o 

— 

9 

— 

31  million. 

(3.)  _ 
2  not  estimated. 

H.  49,  "T.C."  (mesen- 

+tiTi/^  O'linn  1 

1 

1  „ 

— 

— 

— 

Not  estimated. 

H.  59,  "  L.B."  (lung)  - 

1 

1  „ 

34 

33  G.T. 

1 

G.T.  =  General  tuberculosis. 
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CULTURES. 


The  following  Table  shows  the  result  of  the  Injection  of  Cultures  into  Rabbits. 
CULTURE  INJECTIONS  INTO  RABBITS. 


Virus. 

Numbei 

of 
Rabbits 

Duration 
of  life 
in  days. 

Dose. 

G.  T. 

S.  T. 

or  psoro- 
spermosis. 

Died 
soon  after 
injection. 

JSjruticm — 

H.  2,  "Sp.A."- 

2  j 

L 1  to  4a  | 

10  mg.  1 
i  mg. 
0-1  mg.  J 

Lo 

Cervical  Glands — 

H.  28,  "C.L."- 

?! 

( 

16  to  40  -j 

10  mg.  'i 
1  mg.  [ 
0-1  mg. 
0"01  mg.  J 

1 

1 

H.  29,  "  M.F." 

1 1 

11  to  91  j 

10  mg.  "I 
1  mg.  ! 
0-1  mg.  f 
0-01  mg.  J 

10 

1  Psoros- 
permosis. 

H.  31,  "  L.F."  - 

Abdominal  2'uberculosis  - 

i  1 

ZO  10  1US  -j 

10  mg.  1 
1  mg.  i 
0-1  mg. 

o 

1  chronic 
tubercle. 

H.  7,  "CM." 
H.  10  "  B.S."  - 

5  1 

:  J 

!) 

i  j 

16  to  94  - 
12  to  78  - 

10  mg.  1 
1  mg.  Y 
01  mg.  J 
0-01  mg. 

10  mg.  "j 
1  mg.  1 
0-1  mg.  I 

U  Ul  111 i^.  J 

6 
6 

1  chronic 
tubercle. 

— 
— 

H.  14,  "F.S."  - 

5  } 

!  I 

14  to  94  - 

10  mg.  \ 
i  in".  \_ 
0-1  mg.  ) 
0"01  mg.  J 

13 

1 

H.  17,  "S.W."- 

3  1 

!  J 

9  to  42  \ 

10  mg.  "j 
1  mg.  '„ 
0"1  nig.  1 
0-01  mg.-1 

7 

1 

H.  20,  "  F.L."  - 

\  ) 

Zi  J 

17  to  30  j 

10  mg.  } 
lmg. 
0'1  mg.  J 

t 

H.  32,  "  Y.W."  (Mes- 
enteric Glands.) 

1  \ 
1  J 

21  to  30  { 

1  mg.  \ 
0-1  mg.  J 

2 

— 

— 

H.   32,  "Y.W. 
(Bronchial  Glands.) 

!) 

12  to  32  - 

10  mg.  -j 
1  mg.  1 
0-1  mg.  1 
0"01  mg.  J 

4 

— 

— 

H.  38,  "  J.M."  - 

i  t 

10  to  23  \ 

50  mg.  ^ 

10  mg. 
1  mg.  ■ 
0-1  mg. 
01)1  mg.  J 

7 

H.  59,  "L.B."  - 

\  \ 

4  J 

18  to  70  { 

1  mg. 
0-1  mg.  J 

5 

3 

Total  - 

101 

92 

3 

G 

K  2 
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Injections  of  all  these  viruses  into  rabbits,  whether  in  the  form  of  emulsions  or  of  cultures 
produced  in  the  majority  of  cases  a  generalised  and  usually  acute  disease,  ending  fatally. 
One  case  of  severe  chronic  tuberculosis  occurred  with  each  of  the  Viruses  H  31  "LF  " 
and  H.  7,  "CM." 


Feeding  Experiments  with  Rabbits. 

Two  Rabbits  fed  with  10  milligrammes  each  of  culture  of  H  59.  "  L.B."  in  51  and  74 
days  were  found  to  have  general  tuberculosis.  Two  fed  with  1  milligramme  of  the  same 
virus  showed  in  one  case  generalised  tuberculosis  in  90  days  and  in  the  other  a  slighter  form 
'of  the  disease,  the  animal  dying  in  37  days  of  biliary  cirrhosis.  Two  rabbits  fed  with  10 
milligrammes  of  culture  H.  64.  "  M.G."  showed :  one,  in  53  days  general  tuberculosis,  the 
other  in  91  days,  a  generalised  disease  not  severe.  Two  fed  with  1  milligramme  showed 
slight  generalised  disease. 


Culture  Inoculations  into  Guinea-pigs. 


Guinea-pigs  were  inoculated  intraperitoneally  with  doses  of  culture  of  1  milligramme  and 
0-1  milligramme,  four  animals  being  used  with  the  following  viruses  : — H.  2,  "  Sp.  A."  ; 
H.  28,  "  C.L."  ;  H.  29,  "  M.F."  ;  H.  38,  "  J.M."  ;  H.  14,  "  F.S."  ;  H.  19,  "  S.W."  ;  H.  20, 
"  F.L."  ;  H.  32,  "  Y.W."  All  the  animals  developed  general  tuberculosis.  The  other 
viruses  in  this  group  were  also  at  one  or  other  time  tested  on  guinea-pigs,  and  produced 
general  tuberculosis. 

Feeding  Experiments  with  Guinea-pigs. 

Sixteen  animals  were  fed  -with  the  milk  of  Cow  295,  which  had  been  inoculated  with  H.  10, 
"  B.S."  Three  developed  general  tuberculosis,  one  slight  tuberculosis,  and  the  remainder 
were  normal.  Three  guinea-pigs  were  fed  with  1  milligramme  of  culture  H.  64  "  M.G."  and 
3  with  0'1  milligramme  ;  five  showed  general  tuberculosis,  and  one  slight  tuberculosis. 
Three  guinea-pigs  were  fed  with  1  milligramme  of  culture  H.  59  "  L.B."  and  3  with  0-1 
milligramme.     All  showed  generalised  tuberculosis,  severe  in  three,  and  slight  in  three. 


Experiments  in  Pigs. 


Pigs.  Inoculation. — Four  pigs  were  inoculated  subcutaneously  with  culture  H.  59,  "L.B." 

Two  inoculated  respectively  with  50  and  10  milligrammes  died  of  severe  general  tuber- 
culosis. Two  that  received  1  and  0-l  milligramme  were  killed  in  84  and  86  days  and 
showed  generalized  tuberculosis. 

Feeding. — Two  young  pigs  were  fed  for  over  120  days  with  the  milk  of  Cow  295  (Virus 
H.  10,"  B.S.").  They  were  killed  in  129  and  121  days,  and  both  showed  caseation  of  the 
mesenteric  glands.  One  showed  no  other  lesion,  but  the  other  showed  tubercles  in  the 
liver,  the  hepatic  and  bronchial  glands,  and  one  lumbar  gland. 

These  pigs  were  fed  with  the  culture  of  H.  59,  "  L.B.,"  in  doses  of  10, 1,0-1  milligrammes. 
They  were  all  killed  in  about  90  days.  The  one  that  received  the  largest  dose  showed 
general  tuberculosis,  while  the  others  showed  a  generalized  disease  of  a  milder  type. 


Experiments  in  Goats, 
(a)  Inoculation  Experiments'  (all  subcutaneous). 

Goats,  Vims  H.  10,  "  B.  S." — A  goat  was  inoculated  with  an  emuls'on  from  a  lesion  of  a  previously 

,   .       inoculated  calf  (113),  dose  1,800,000  tubercle  bacilli.    It  died  of  general  tuberculosis. 
Inoculation. 

A  second  goat  received  a  dose  of  culture  from  the  same  calf,  1,800,000  tubercle  bac '.Hi.  It 
was  kd'ed  n  198  days,  and  showed  disseminated  tuberculosis. 

Virus  H.  14,  "  F.S." — A  goat  received  4,500,000  tubercle  bacilli,  of  emulsion  of  a  lesion 
from  an  inoculated  heifer  (197).    It  died  in  75  days  of  general  tuberculosis. 

Virus  H.  28,  "  C.L." — A  goat  received  5,000,000  tubercle  bacilli  in  an  emulsion  from 
previously  infected  calf  (515).    It  died  in  96  days  from  generalised  tuberculosis. 

Virus  II.  32,  "  Y.  W." — A  goat  rece'ved  155,000,000  tubercle  bacilli  in  an  emulsion  of  a 
tuberculous  gland  from  a  calf  infected  with  Virus  H.  32,  "  Y.W."  It  was  killed  in  27  days 
when  very  ill,  and  showed  general  miliary  tuberculosis. 

Virus  H.  19,  "(S.IF." — A  goat  received  53,000,000  tubercle  bacilli  in  an  emulsion  of  a 
tuberculous  lesion  from  Calf  271,  infected  with  Virus  H.  19,  "  S.W."  It  was  killed  when 
dying  in  77  days,  and  showed  general  tuberculosis. 
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(b)  Feeding  Experiments. 

Virus  H.  31,  "  L.F." — Two  goats  were  fed  each,  with  10  milligrammes  of  culture  derived  Feeding, 
direct  from  human  cervical  glands.    They  both  showed  severe  tuberculosis  of  the  intestines 
and  mesenteric  glands,  and  general  dissemination  of  the  disease.    One  died  in  199  days,  the 
other  was  killed  when  dying  in  106  days  after  feeding. 


Experiments  with  Monkeys, 
(a)  Inoculation  Experiments. 


Virus  H.  7,  "  CM." — A  monkey  received  subcutaneously  a  small  dose  (tubercle  bacilli  Monkeys 
not  estimated)  of  the  emulsion  of  the  mesenteric  glands  of  the  patient  from  whom  the  specimen  Inoculation, 
was  obtained.    It  died  in  69  days  with  general  tuberculosis. 


(b)  Feeding  Experiments. 

Virus  H.  10  "  5.5." — A  baby  monkey  was  fed  with  the  tuberculous  milk  of  Cow  295  for  Feeding. 
128  days.    When  killed  it  showed  no  tuberculosis.     Cow  295  had  developed  very  slight 
disease  of  the  udder. 

Four  monkeys  were  fed  each  with  a  single  dose  of  culture  of  Virus  H.  10,  "  B.  S."  The 
doses  used  were  0*01,  0*  1,  1,  and  10  milligrammes.  The  one  that  received  the  smallest  dose 
was  killed  after  21  years  and  showed  general  tuberculosis.  There  was  no  disease  of  the 
intestines  ;  the  lungs  were  most  severely  affected.  The  other  three  died,  or  were  killed  when 
very  ill,  in  79,  99  and  151  days.  They  all  showed  general  tubsrculosis  with  disease  of  the 
intestine  and  mesenteric  glands. 

Virus  H.  28  "  C.L." — Two  baby  monkeys  received  one  dose  each  of  90  cc.  of  milk  con- 
taining 5,000,000  tubercle  bacilli.  They  both  died  in  80  and  88  days  respectively,  and 
showed  general  tuberculosis. 

Experiments  in  Chimpanzees. 

Inoculation. — A  chimpanzee  received  subcutaneously  1  mg.  of  culture,  H.  59,  "L.B."  imPan 
It  died  in  79  days  of  acute  general  tuberculosis. 

Feeding. — No  feeding  experiments  have  been  performed. 


Experiments  in  Cats, 
(a)  Inoculation  Experiments.  Cuts. 
No  inoculation  cxp3riments  have  be?,n  performed.  Inoculation. 

(b)  Feeding  Experiments. 

Virus  H.  28  "  C.L."— Three  cats  were  fed  with  the  tuberculous  milk  of  Cow  143.     The  Feeding, 
milk  contained  numerous  tubercle  bacilli,  containing  about  35,000  tubercle  bacilli  per 
cubic  centimetre. 

One  cat  received  eighteen  pints  of  milk.    It  died  in  100  days  from  acute  pleurisy  (non- 
tuberculous),  and  showed  caseation  of  the  mesenteric  and  thoracic  glands. 

Another  cat  received  about  seven  pints  of  milk  in  all.    It  died  in  112  days  of  penumonia, 
and  showed  some  fibrous  tubercles  and  numerous  tubercle  bacilli  in  the  lungs. 

The  third  cat  was  fed  with  about  two  pints  of  milk.  It  was  killed  in  93  days,  and  showed 
a  tuberculous  lesion  in  one  ileo-colic,  and  one  mesenteric  gland,  and  numerous  fibrous  calcareous 
tubercles  in  the  lungs. 


Experiments  in  Dogs. 

Inoculation. — A  dog  received  intraperitoneally  10  milligrammes  of  culture,  H.  59,  ;L.B."  Dogs. 
It  died  in  37  days  and  showed  tuberculous  peritonitis  and  general  miliary  tuberculosis. 

Feeding. — No  feeding  experiments  have  been  performed. 

Experiments  in  Rats  and  Mice.  Rats  and 

(a)  Inoculation  Experiments.  T     \  ,. 

1  liiocnlatton. 

Six  rats  were  inoculated  with  large  doses  of  culture  from  H.  20  "  F.L.,"  H.  28,  "  C.  L.,"  Eats. 
H.29  "MX,"  H.  49  "  T.C.,"  and  H.  16  '-J.H."    The  individual  doses  given  were  30 
milligrammes,  50,  70,  75,  and  in  two  cases  100  milligrammes.     The  animals  all  died  in 
periods  of  from  33  to  213  days  and  they  showed  only  a  few  lesions,  but  very  numerous 
tubercle  bacilli  in  all  the  organs,  a  condition  which  has  been  called  "  tuberculous  septic??:!.: ,  ." 
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(b)  Feeding  Experiments. 

atsFeeding  Eleven  rats  were  fed  with  tuberculous  milk  (H.  10  "  B.S.")  and  the  tubercolous  organs  of 
guinea-pigs  from  various  sources  for  long  periods,  from  80  to  360  days.  Only  one  of  the  rats 
showed  any  lesion,  which  consisted  only  of  two  or  three  small  foci  in  the  lung. 

(a)  Inoculation  Experiments. 

i°e-  Two  mice  each  received  subcutaneously  2,670,000  tubercle  bacilli  in  an  emulsion  of  a 

tuberculous  lesion  of  Calf  271,  inoculated  with  H.  19  "  I.W."  In  one  mouse  a  few  trans- 
lucent tubercles  were  found  in  the  lungs  when  killed  in  35  days  ;  in  the  other  mouse  which  died 
in  14  days,  a  caseous  focus  was  found  near  the  seat  of  injection. 

(b)  Feeding  Experiments. 

seding.  Eight  mice  were  fed  in  the  same  way  as  the  rats,  anl  with  the  sime  material.  They 

lived  from  40  to  224  days,  and  showed  no  tuberculosis  on  examination. 


GENERAL  RESULTS. 

The  human  viruses  which  are  discussed  in  this  group  resemble  the  bacillus  of  bovine 
tuberculosis  in  the  following  points  : — ■ 

1.  Their  cultural  characters  are  the  same  as  those  of  the  bacillus  of  bovine  tuber- 
culosis, and  only  one  kind  of  bacillus  was  found. 

Of  the  14  human  viruses  in  this  group,  3  were  obtained  from  tuberculous  cervical 
glands,  10  from  cases  of  abdominal  tuberculosis,  and  one  was  obtained  as  the  result  of 
sputum  feeding.  In  the  cases  of  abdominal  tuberculosis,  in  3  cases  (H  32  "Y.W.." 
H  59  "L.B."  and  H  64  "M.S.")  not  only  the  mesenteric  glands  but  the  remote  lesions 
were  tested,  viz.,  those'  occurring  in  the  lungs  and  meninges.  The  virulence  of  the  bacillus 
and  its  characters  were  the  same  in  all  the  lesions. 

In  the  sputum  feeding  case,  a  virulent  bacillus  was  obtained  from  the  minimal  lesions, 
resulting  from  prolonged  feeding  of  a  heifer  cow  with  human  sputum. 

2.  They  produce  an  acute  tuberculosis  by  subcutaneous  injection  into  bovines,  and  to 
a  less  extent  by  feeding. 

3.  In  rabbits  they  also  produce  a  generalised  tuberculosis  by  inoculation  and  feeding. 

4.  They  are  also  virulent  for  pigs,  goats,  monkeys,  and  the  chimpanzee.     Dogs  are 
susceptible  by  intraperitoneal  inoculation. 

5.  They  produce  the  same  result  as  the  bovine  bacillus  in  rats  by  inoculation,  namely, 
a  wide  distribution  of  the  bacillus  in  the  body,  without  the  formation  of  visible  lesions, 


VIRUSES  SLIGHTLY  VIRULEKT  FOR  BOVINES  AND  RABBITS. 

These  viruses  are  40  in  number,  and  are  shown  in  Column  II.  in  Table. 

Characters  of  the  Cultures  Obtained. 

Dr.  Eastwood  separates  the  cultures  obtained  from  these  slightly  virulent  viruses  from 
those  obtained  from  the  virulent  viruses  and  from  those  of  bovine  tuberculosis.  These 
are  all  placed  in  Grades  I.,  II.,  and  III.  Slightly  virulent  viruses  he  places  in  Grades  IV. 
and  V. 

Grade  IV.  is  characterised  by  the  growth  of  the  bacilli  in  broth  being  more  vigorous  than 
in  Grade  III.,  by  a  more  rapid  and  wrinkled  growth  on  glycerin-agar,  and  a  heaped-up 
growth  on  potato  with  slight  pigmentation. 

In  Grade  V.  the  growth  is  luxuriant  on  all  the  three  media,  and  on  potato  there  is  a  richly 
pigmented  growth. 
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Grade  IV.—Tae  following  viruses  come  within  this"grade  :— 


H. 

h. 


"S.C: 
"C.T. 


H.  18,  "T.T.' 

H.  30,  "E.M." 

H.  34,  "  C.U." 

H.  35,  "CB." 


H. 
H. 
H. 
H. 


36, 
39, 
42, 
50, 


"  M.D.' 

"m.b; 

"  M.R.' 
"P.H.' 


H.  52,  "  T  F." 
H.  55,  "  R.D." 
H.  58,  "  F.G." 
H.  61,  "E.C." 
H.  62,  "W.M."' 
H.  63,  "  G.R.  " 


Compr'sing  4  cases  of  pulmonary  tuberculosis. 


of  "  general  "  tuberculosis, 
of  bronchial  gland  tuberculosis, 
of  cerv'cal  gland  tuberculosis, 
of  abdominal  tuberculosis, 
of  joint  tuberculosis. 


Grade  V. — In  this  grade  come  the  following  viruses  : — 


H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
II. 


11, 
12, 
15, 
22, 
23, 
25, 
26, 
27, 
33, 
37, 
40, 
41, 
43, 
44, 
45, 
46, 
47, 
48, 
51, 
54, 
56, 
57, 


"ED." 
"  H.N." 
"  I.W." 

F.W." 
"  J.P." 
"  A.T." 
"  E.M." 
"  B.D." 
"  R.T." 
"O.J." 
"  J.G." 
"  A.S." 
"  F.F." 
-  D.C" 
"  F.M." 
"  H.W." 
"  S.B." 
"  W.P." 
"  H.M." 
"CW." 
"  F.T." 
"B.J." 


Comprising  7  cases  of  pulmonary  tuberculosis. 


of  cervical  gland  tuberculosis, 
of  bronchial  gland  tuberculosa 
of  abdominal  tuberculosis, 
of  joint  tuberculosis, 
of  kidney  tuberculosis, 
cf  testicle  tuberculosis. 


H.  1,  "CM." 
H.  66,  "W.C." 


Not  classified. 


Effect  of  the  Inoculation  of  Slightly  Virulent  Viruses  in  Bovines  and  Rabbits 

With  regard  to  the  first  virus,  that  of  H.  1,  "  CM.,"  the  origin  of  this  was  a  culture  ob- 
tained from  guinea-pigs  which  had  been  injected  with  sputum  from  a  tuberculous  patient ; 
it  was  subcultured  for  five  months  before  inoculation  into  bovines.  The  dose  was  in  no 
case  estimated,  and  the  results  therefore  may  be  stated  very  shortly. 

Two  adult  animals  inoculated  subcutaneously  were  normal  throughout,  they  were  killed 
in  170  and  174  days.    Two  other  adult  animals  showed  only  a  local  lesion  in  over  100  days. 

Four  cows  received  doses  into  each  of  two  quarters  of  the  udder.  Two  of  these  showed 
only  slight  induration  of  the  udder  when  killed.  Another  was  normal  throughout,  and 
the  fourth  (Cow  3)  showed  tuberculosis  of  the  infected  quarters  of  the  udder,  but  no  obvious 
tuberculosis  in  the  neighbouring  glands.  A  calf,  which  was  sucking  this  cow,  was  killed 
in  twenty-two  days,  and  showed  numerous  caseo-calcareous  nodules  in  the  mesenteric  glands 
but  no  other  disease. 

Six  monkeys  subcutaneously  inoculated  with  the  culture  died  of  general  tuberculosis. 

(a)  Into  Bovines. 

The  results  with  the  remaining  viruses  are  shown  in  the  following  Table,  in  which  the  B< 
effect  of  culture  inoculations  is  placed  side  by  side  with  that  of  the  emulsions  of 
tuberculous  lesions.    In  the  case  of  the  cultures,  into  each  calf  50  milligrammes  were 
injected  subcutaneously,  and  the  result  is  shown  according  to  the  viruses. 
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TABLE  SHOWING  RESULTS  OF  CULTURE  AND  TISSUE  EMULSION  SUBCUTANEOUS 
INOCULATIONS  WITH  SLIGHTLY  VIRULENT  VIRUSES. 


Virus. 

Culture  50  mg.*  in 
each  Calf. 



Emulsions  in  Calves. 

Result.** 

Dose  of  tubercle  bacilli. 

Result. 

Sputum  : 

H.  62,  "  W.M."  - 

B.  and  D. 

heneral  1  uoerculosis  : 

H.  3o,  (J.r>. 

r>.  and  D. 

Pulmonary  Tuberculosis  : 

It.  22,  r.W. 

JD.  and  D. 

z4z,000 

TJ 

15. 

3"2  million 

c. 

14'2  million 

_D. 

100  million 

B. 

H.  23,  "  J.R" 

B.  and  D. 

8'1  million 

B. 

16  million 

103  million  (2  calves) 

B.    G.T.'  slight. 

H.  25,  "  A.T." 

B. and  B. 

87  million 

c. 

ljUUo  million 

I  >. 

H.  45,  "  F.M." 

D.,  A.  and  Bt 

H.  48,  "  W.P." 

B.  and  B. 

H.  50,  "P.H." 

B.  and  D. 

H.  51,  "H.M." 

D.  and  D. 

H.  52,  "  T.F." 

B.  and  D.i 

H.  56,  "  F.T." 

B.  and  B§ 

H.  58,  "F.G." 

D. 

Bronchial  Glands  : 

H.  54,  "  C.W."       -       -  - 

B. 

H.  61,  "E.C." 

D,|| 

Cervical  Glands  : 

H.  27,  "B.D." 

D.  D. 

■1  0*Q         1  li a n    ( '•)  vpci 
4U  y  IlIlJlKJll   \£  Lcllvch^ 

B.  B. 

H.  33,  "R.T." 

B.  D. 

H.  34.  "C.U." 

B.  B. 

H.  37,  "  O.J." 

C.  D. 

H.  39,  "  M.B." 

B.  B. 

H.  44,  "  D.C." 

C.  D. 

Mesenteric  Glands  : 

H.  8,  "  S.C."  ---  - 

D.   D.   B.H  B.H 

6  million  (2  calves) 

"R  T? 
X>.  J3. 

12*5  million  (2  calves) 

oUy  o  minion 

•R 

5,124  million 

B. 

TT  12  "HN" 

XI.    X^ij         XX  .XI  * 

C.  B. 

13,000  (3  calves) 

B.   D.  D. 

310,000 

B. 

2:7  million  (2  calves) 

B.  C. 

103-9  million  (2  calves) 

B.  D. 

3,140  million 

C. 

*  A  note  is  made  where  the  dose  exceeded  50  milligrammes.  +  Dose  of  275  milligrammes. 

+  Doses  of  100  and  150  milligrammes.  §  Dose  of  100  milligrammes.  II  Dose  of  183  milligrammes. 
H  Doses  of  3,000  milligrammes.      **  For  explanation  of  letters  see  page  2. 
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Table  showing  Results  of  Culture  and  Tissue  Emulsion  Subcutaneous  Inoculations  with 

slightly  Virulent  Viruses — continued. 


Culture  50  mg.  in 
each  Calf. 

Emulsions  in  Calves. 

Virus 

Result. 

Dose  of  T.B. 

Result. 

Mesenteric 

Glands — cont. 

H.  18, 

B. 

D. 

4'4  million  (3  calves) 
269'9  million  (2  calves) 
2,814  million 

I)  T) 

-D.  ti. 

G.T.  slight, 
i  > 

b. 

G.T.  slight. 
B. 

H.  30, 

"E.M." 

B. 

D. 

4,756  million  (2  calves) 

C.  D. 

H.  36, 

"M.D."  - 

B. 

D. 

15  "5  million  (2  calves) 

B.  B. 

H.  55, 

"R.D." 

B. 

B. 

H.  57, 

"B.J." 

D. 

H.  63, 

"  G.R." 

B.  B. 

B.* 

Join  ts  : — 

H.  9, 

"C.T."  - 

B.  B.  C.t 
G.  T.  very  slight. 1 

9  million 
133  million 

B. 
D. 

H.  11, 

"E.D."  - 

B. 

D. 

1  million 
21-9  million 
479  million 

B. 
B. 
C. 

H.  15, 
H.41, 

"  I.W."  - 
"A.S."  - 

Not  complete 
B.  B. 

3  million 
3'7  million  (2  calves) 
14  million 
68  million 
136  million 
261  million 
— 

B. 
C.  D. 
A. 
D. 
C. 
B. 
— 

H.  42, 

"  M.R." 

B. 

B. 

— 

— 

H.  43, 

"  F.F." 

B. 

B. 

— 

— 

H.  46, 

"H.W."  - 

C. 

D. 

H.  47, 

"S.B." 

B. 

D. 

H.  66, 

"W.C."  - 

B. 

D. 

Testicle  :— 

H.  40, 

"  J.G."  - 

B. 

B. 

Kidney  : 

H.  26, 

"E.M."  - 

C. 

D. 

*  Dose  of  100  milligrammes.  I  Dose  of  750  milligrammes. 


All  the  animals  inoculated  with  culture  were  killed  in  about  ninety  days  except  two,  one 
of  which  died  of  pneumonia  in  eighty-thre,e  days,  and  the  other  died  from  an  undetermined 
cause  in  sixty-one  days. 

The  results  of  inoculation  of  the  cultures  show  generally  that  with  all  these  viruses  the 
large  doses  given  produced  only  a  limited  and  not  a  progressive  tuberculosis. 

The  results  of  the  emulsion  inoculations  show  the  same  point,  with  the  exception  of  two 
viruses,  H.  23  "  J.P.,"  and  H.  18  "  T.T."    These  exceptions  may  now  be  considered. 

H.  23  "  J.P."— Of  two  animals  inoculated  subcutaneously  with  103,000,000  bacilli  of  the 
Virus  H.  23  "  J. P.,"  one  was  killed  in  79  days  and  showed  only  B,  while  the  other  showed 
slight  illness,  and  was  killed  in  61  days.  In  this  animal  (Calf  365)  there  was  a  caseous  local 
lesion  and  tuberculous  nodules  in  the  prescapular  gland  and  in  other  lymphatic  glands  (the 
left  gluteal,  left  submaxillary,  and  all  the  mesenteric).  Many  minute  tubercles  were  present 
in  the  lungs  and  liver,  only  a  few  in  the  kidneys.  This  was  therefore  a  case  of  spreading 
tuberculosis,  the  calf  being  perhaps  more  susceptible  than  its  fellow  inoculated  at  the  same 
time  with  the  same  dose.  Dr.  Eastwood  considered  from  the  microscopic  examination  that 
the  lesions  were  retrogressing. 
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H.  18,  "  T.T" — In  this  virus  two  calves  injected  subcutaneously,  when  killed  well,  showed 
some  generalisation  of  the  disease.  One  calf  (165)  had  received  a  dose  of  4-4  million,  and 
when  killed  in  57  days  showed,  besides  the  local  lesion,  a  caseous  and  calcareous  prescapular 
gland,  fairly  numerous  minute  tubercles  in  the  lungs  and  thoracic  glands,  four  small  minute 
tubercles  in  the  liver,  and  calcareous  foci  in  one  mesenteric  gland.  The  other  calf,  inoculated 
with  269,000,000  bacilli,  was  killed  in  65  days  (Calf  405),  and  showed  a  local  caseous  lesion, 
casous  nodules  in  the  prescapular  and  prepectoral  glands,  and  very  numerous  minute  tubercles 
in  the  lungs. 

Intravenous  Inoculation — H.  22,  "  F.W." — Two  calves  inoculated  with  this  virus 
both  showed  disemminated  lesions.  Calf  399  received  709,000,000  of  an  emulsion  of 
guinea-pig  lesions.  It  showed  tuberculous  lobular  pneumonia  and  tuberculosis  of  the  thoracic 
glands,  while  there  were  tubercle  bacilli  in  enormous  numbers  in  all  the  principal  organs  and 
glands,  even  where  no  lesions  were  visible. 

An  emulsion  of  the  thoracic  glands  of  this  calf,  containing  20,000,000  tubercle  bacilli,  was 
injected  intravenously  into  another  calf  (457).  The  calf  died  in  57  days,  and  showed  acute 
miliary  tuberculosis  of  the  whole  of  both  lungs  with  intense  congestion,  caseation  of  all  the 
thoracic  glands,  and  a  few  tuberculous  foci  in  the  intestine  and  mesenteric  glands.  Tubercle 
bacilli  were  found  in  those  mesenteric  glands  which  appeared  to  be  healthy. 

An  emulsion  of  the  bronchial  glands  of  this  calf  was  injected  intravenously  into  another 
calf  in  a  dose  of  11,000,000  tubercle  bacilli.  It  was  killed  in  62  days,  and  showed 
three  small  tubercles  in  the  lungs  and  a  few  calcareous  grains  in  the  thoracic  glands. 

H.  8,  "  S.C."— The  calf  which  received  728,  000,000  tubercle  bacilli  showed  early  general 
tuberculosis  in  the  lungs  and  glands  of  the  body,  the  tubercles  in  the  thoracic  glands  being 
in  an  early  stage  of  caseation. 

The  calf  which  received  41,000,000  intravenously  showed  very  numerous  tubercles  in 
the  lungs  and  many  in  the  other  principal  organs.  The  thoracic  glands  were  very  large  and 
caseous.  Tubercles  were  also  seen  in  the  suprarenals,  in  many  mesenteric  glands,  in  the 
precrural,  prescapular,  and  right  pharyngeal  glands.  Anatomically  the  lesions  found  were 
not'unlike  those  produced  in  the  H.  22,"  F.W.,"  animal  which  received  20,000,000  tubercle 
bacilli. 

H.  12,  "  H.N."— The  calf  that  received  103,000,000  intravenously  showed  very  widely 
spread  miliary  tuberculosis  of  the  lungs,  liver,  kidneys,  suprarenals,  and  intestine.  There 
were  small  caseous  foci  in  nearly  all  the  lymphatic  glands,  especially  the  mesenteric.  The 
thoracic  glands  contained  very  numerous  but  caseous  nodules. 

Dr.  Eastwood  reports  that  as  regards  the  histological  changes  which  he  has  studied  in  one 
by  these  animals  (H.  8,"  S.C.,"  Calf  305)  "  the  lesions  resemble  in  type  the  lesions  produced 
by  large  doses  of  virulent  cultures,  and  differ  only  in  degree.  There  is  less  fibrin  formation 
and  less  tissue  destruction." 

Intraperitoneal. — Only  one  animal  was  inoculated  intraperitoneally  with  an  emulsion.  A 
calf  received  479,000,000  tubercle  bacilli  (H.  11,  "  E.D.").  It  was  killed  well  in  160  days, 
and  showed  slight  tuberculosis  only. 
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INJECTIONS  OF  SLIGHTLY  VIRULENT  VIRUSES  INTRAPERITONEALLY  INTO 

RABBITS. 


(The  results  are  shown  in  the  following  Table,  cultures  and  emulsions  side  by  side.) 


Cultures. 

Tissue  emulsions. 

yirus. 

Number  of 
Rabbits. 

Dose 
mg 

in 

Result. 

Number  of 
Rabbits. 

Result. 

Dose. 

Sputum — 

H.  63,  "  W.M." 

2 

r 
r 

— 

— 

— 

Pulmonary  Tuberculosis — 

H.  22,  "  F.W." 
H.  23,  "  J.P."  - 

1 

3 

50-0 
50-0 

io-o 

I  U 

} 

S.T.* 
S.T. 

9 
2 

S.T. 
S.T. 

213,000  (2) 

I  to  2  million  (2) 

I I  million  (~\  \ 
1 1  mil  lit  ui  y  l  J 

20     „  (2) 
54     „  (2) 

10     „  (2) 

H.  25,  "  A.T."  - 

6 

50-0 

io-o 
io-o 

1  (TO 

ro 
ro 

■ 

S.T. 

3 

S.T. 

4-5  „ 
18  „ 

H.  45,  "  F.M." 

3 

50'0" 

io-o 
ro 

1  o. 

\ 

S.T. 

I.  48,  "  W.P." 

4 

50-01 

io-o 
i-o 
o-i  J 

1 

S.T. 

— 

— 

— 

H.  50,  "P.H." 

4 

50-0 

io-o 

1-0 
01 

Nil.  -| 
T.P.t 
S.T.  1 
Nil.  J 

— 

— 

— 

H.  51,  "  H.M." 

0 

io-o  i 
ro 

10 

ro 
o-i  J 

t 

S.T. 

— 

— 

— 

H.  52,  "  T.F."  - 

A 

4 

lO'O 

i-o 
i-oi 

DM 
V  1  J 

- 

G.T.J 
Psor.§ 

S.T. 

H.  56,  "F.T."- 

4 

10-0  | 

ro 
i-o  , 
o-i  J 

S.T. 

— 

— 

H.  58,  "  F.G." 

4 

lO'O 
10 

i-o 
i-o 

General  Tuberculosis. 

H.  35,  "  C.B." 

3 

50-0  \ 

io-o 
ro  J 

S.T. 

Cervical  Glands. 

H.  27,  "  B.D." 

4 

50-0  ] 

io-o  ( 
ro  J 

S.T. 

*  Slight  tuberculosis.  X  Generalized  tuberculosis, 

t  Tuberculous  peritonitis.  §  Psorospermosis. 
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Injections  of  Slightly  Virulent  Viruses  Intr ape  ritone ally  into  Rabbits — continued. 


Cultures. 

Tissue  emulsions. 

Virus. 

o 

CO 

s.-s 

Dose 
in  mg. 

Number 
of  Rabbits. 

Result. 

Result. 

Dose. 

Cervical  Glands — cont. 

H.  33,  "  R.T." 

3 

50-0 

G.T. 

— 

— 

— 

H.  34,  "C.U."       -  - 

. — g 

io-o  \ 
ro 

.. ... 

(3.1. 

H.  37,  "O.J."-      -  - 

3 

50'0  ^ 

io-o 
i"0 

H 

S.T. 

— 

— 

— 

H.  39,  "  M.B." 

3 

50-0^ 

io-o 

TO 

\ 

S.T. 

— 

H.  44,  "  D.C." 
Mesenteric  Glands. 

5 

50-o  ^ 
io-o 

5-0 
1-0 

ro 

1 

S.T. 

— 

— 

H.  8,  "  S.C."  -     -  :  - 

3 

IQ'01 
F0 
O'lJ 

L 
1 

S.T. 

6 

5-  S.T. 
1  nil. 

5  not  estimated. 
5  million  (1). 

H.  12,  "  H.N." 

3 

50-0 -I 

io-o 

1-0 

S.T. 

4 

2  nil. 
2  S.T. 

11  million. 
157     „      and  less. 

H.  18,  "T.T."  - 

9 

50-0  > 
33-0 
33-0 
10"0 

io-o 
ro 

1-0 
01 
01  , 

\  ' 
/ 

S.T. 

6 

1  nil. 
5  S.T. 

4  not  estimated. 
10'7  million  (2). 

H.  30,  "KM." 

5 

50-0 

io-o  1 

10*0 
DO 
10  J 

Acute  T.P. 
S.T. 

3 

S.T. 

1  not  estimated. 
158  million. 
1,427  „ 

H.  36,  "  M.D." 

3 

50-0" 

io-o 

1-0  J 

S.T. 

— 

— 

— 

H.  55,  "  R.D." 

4 

10-0  \ 

ro 
ro 

01  J 

■ 

S.T.  " 

— 

— 

H.  57,  "  B.J."  -      -  - 

3 

io-o 

10'0 

io-o 

H.  63,  "  G.R." 

Joints — 

6 

io-o 

1-0 

1-0 
1-0 

1  '  i  i 

I  u 

110 

S.T. 
T.P. 
T.P. 

— 

— 

— 

H.  9,  "  C.T."  - 

5 

50-0 
50-0" 

io-o 
io-o 
ro  - 

f 

G.T. 
S.T. 

o 

S.T. 

456,000. 

H.  11,  "  E.D."  - 

.  5  p 

50-0 
50-0"| 

io-o 
io-o 

T.P.  died 
S.T. 

2 

S.T. 

I  not  estimated. 
1  million. 

vo> 
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Injections  of  Slightly  Virulent  Viruses  Intraperitoneally  into  Rabbits— continued. 


Cultures. 

Tissue  emulsions. 

Virus. 

Number  of 
Rabbits. 

Dose  in 
mg. 

Rpcmlt 

Number  of 
Rabbits. 

Result. 

Dose. 

Joints — cont. 

H.  15,  "I.W."  - 

— 

— 

6 

S.T. 

1  not  estimated. 
4  million  (2). 
8       „  (1). 
29      „  (2). 

H.41,  "A.S.'  -      -  - 

3 

50-0  ) 
lO'O  \ 
1*0  J 

S.T. 

— 

H.  42,  "  M.E." 

3 

lO'O  \ 
10  i 

S.T. 

— 

H.  43,  "  F.F."  - 

5 

50-0 
50-0  \ 
lO'O  \ 

ro  J 

G.T. 

0. 1 . 

— 

— 

TT       i  f\     CL  TT  TIT  )) 

H.  46,  H.W. 

3 

50'0  ) 
io-o  \ 
roj 

S.T. 

H.  47,  "  S.B."  - 

Testicle — 

3 

50'0  | 
lO'O  \ 

roj 

S.T. 

H.  40,  "  J.G."  - 
Kidney — - 

3 

50t)  ] 

io-o  \ 

1-0  J 

S.T. 

H.  26,  "  K.M." 

Not 
injected. 

It  will  be  noted  that  in  the  majority  of  cases,  culture  inoculation,  whatever  dose  was  given, 
produces  only  a^slight  degree  of  tuberculosis,  but  in  a  certain  number  of  cases  general  tuber- 
culosis resulted,  and  caused  the  death  of  the  animal.  These  viruses  are  : — pulmonary  tuber- 
culosis, H.  50,  "  P.H."  ;  H.  52,  "  T.F."  Cervical  glands,  H.  33,  "  R.T."  Abdominal  tuberculosis , 
H.  30,  "  E.M."  Joints,  H.  9,  "  C.T."  ;  H.  11,  "  E.D."  ;  H.  43,  "  F.F."  The  anatomical  lesions 
produced  in  these  cases  were  those  of  tuberculosis.  These  viruses  only  occasionally  produced 
a  generalised  disease  in  the  rabbits.  In  the  other  inoculations  done  with  the  viruses,  the 
disease  produced  was  for  the  most  part  minimal.  Only  one  of  these  viruses,  viz.,  H.  9 
"  C.T.,"  produced  some  generalisation  of  disease  in  the  calf,  and  that  with  a  very  large  dose, 
750  milligrammes. 

Experiments  with  Pigs, 
(a)  Inoculation  Experiments. 

Virus  H.  56,  "  F.T."  (Pulmonary  Tuberculosis).— One  pig  received  fifty  milligrammes  of 
culture  subcutaneously.  Killed  in  65  days,  it  showed  a  very  slight  local  lesion  with  a 
caseous  gland.  There  were  numerous  translucent  tubercles  in  the  lungs,  containing 
tubercle  bacilli.  A  second  pig,  receiving  fifty  grammes  subcutaneously,  showed  in  91  days, 
slight  tuberculosis:  locally,  in  the  neighbouring  gland  and  in  the  lungs. 

Another  pig,  receiving  one  milligramme  subcutaneously,  was  killed  in  98  days,  and  showed 
a  small  caseous  local  lesion,  one  caseous  area  in  a  neighbouring  gland,  and  a  number  of  small 
caseous  tubercles  in  the  lungs  and  very  few  in  the  liver,  spleen,  and  mesenteric  glands. 

Virus  H.  50,  "P.H."  {Pulmonary  Tuberculosis).— Two  pigs  each  received  fifty  milli" 
grammes  of  culture  subcutaneously.    Slight  tuberculosis  only  resulted. 

(b)  Feeding  Experiments. 
Virus  H.  56,  "F.T."  (Pulmonary  Tiiberculosis). — One  pig  was  fed  with  fifty  milligrammes 
of  culture.  Killed  in  98  days,  it  showed  no  lesion  in  the  intestine  but  large  caseous  foci  were 
present  in  the  submaxillary  and  mesenteric  lymphatic  glands.    There  was  no  other  tuber- 
culous lesion. 

Another  pig  fed  with  fifty  milligrammes  showed  in  91  days  slight  tuberculosis. 

One  pig  fed  with  one  milligramme  of  culture  was  killed  in  99  days,  and  showed  caseous  foci 
in  the  submaxillary  and  neighbouring  lymph  glands,  a  few  foci  in  the  mesenteric  glands. 
There  were  three  fibrous  foci  in  the  lungs  (no  tubercle  bacilli  found). 

Virus  H  50,  "P.H."  (Pulmonary  Tuberculosis). —Two  pigs  were  fed,  each  with  fifty 
milligrammes.  One  killed  in  93  days  showed  one  nodule  in  the  lung.  The  other,  killed 
in  92  days,  showed  no  tuberculosis. 

General  Results. — The  experiments  with  pigs  are  still  being  continued.  Those  received 
showed  that  the  pig  is  but  little  affected  by  this  group  of  viruses. 
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)ogs.  Experiments  with  Dogs. 

nooulation.  (a)  Inoculation  Experiments. 

Virus  H.  8,  "  S.C."  (Abdominal  Tuberculosis) — Two  dogs  inoculated  subcutaneously  with 
1  milligramme  of  culture  were  killed  in  about  90  days  and  showed  only  a  few  nodules 
in  the  internal  organs. 

Virus  II.  63,  "  G.R."  (Abdominal  Tuberculosis). — Two  puppies  each  received  10  milli- 
grammes of  culture  intraperitoneally.  In  one  killed  85  days  after  injection  was  found  to 
be  partly  intramuscular  ;  very  slight  tuberculosis  was  found.  The  other  died  in  48  days, 
of  acute  tuberculous  peritonitis  and  general  tuberculosis. 


(b)  Feeding  Experiments. 

Virus  H.  8,  "  S.C."— Two  dogs  were  fed  ;  one  with  10  milligrammes,  the  other  with  1 
milligramme;  killed  in  100  days,  only  traces  of  disease  were  found  in  the  internal  organs. 

Virus  H.  25,  "  A.T."  (Pulmonary  Tuberculosis). — Two  dogs  were  fed  with  10  milli- 
grammes and  1  milligramme.  One  (with  10  milligrammes)  died  in  94  days  showing  slight 
disease  of  mesenteric  glands,  tuberculosis  of  lung,  pneumo-thorax  and  empyema.  The 
other  (1  milligramme)  killed  in  191  days  showed  sparsely  scattered  tubercles  in  the  internal 
organs. 

General  Results. — The  results  are  closely  similar  to  those  obtained  with  the  bovine  virus 
(see  p.  12). 

Experiments  on  Monkeys, 
(a)  Inoculation. 

Virus  H.  I,  "  CM."  (Sputum). — Six  monkeys  were  inoculated  subcutaneously  with  an 
emulsion  oi  diseased  organs  from  animals  inoculated  with  Virus  H.  I,  "  CM."  The  dose 
of  tubercle  bacilli  was  not  estimated.    All  the  animals  died  of  general  tuberculosis. 

Virus  H.  6,  "  U.H."  (Pulmonary  Tuberculosis). — A  monkey  inoculated  subcutaneously  with 
an  emulsion  of  a  human  tuberculous  lung  died  of  general  tuberculosis  in  37  days. 

Virus  H.  8,  "  S.C."  (Abdominal  Tuberculosis). — A  monkey  inoculated  subcutaneously  with 
an  emulsion  of  the  mesenteric  glands  of  the  patient,  died  in  68  days  of  general  tuberculosis. 

Virus  H.  61,  "  E.C"  (Bronchial  Gland  Tuberculosis). — One  monkey  received  0*1  milli- 
gramme of  culture  subcutaneously,  and  another  0*01  milligramme  subcutaneously.  They 
died  in  84  and  89  days,  both  of  general  tuberculosis. 

(b)  Feeding  Experiments. 

eeding.  Virus  H.  56,  "  F.T."  (Pulmonary  Tuberculosis). — A  baboon  fed  with  one  milligramme  of 

culture  was  killed  when  dying  in  108  days,  and  showed  general  tuberculosis. 

Experiments  in  Chimpanzees. 

himpanzees     Virus  H.  25,  "  A.T."  (Pulmonary  Tuberculosis). — A  chimpanzee  received  one  milligramme 
of  culture  subcutaneously.    It  died  in  50  days  of  acute  miliary  tuberculosis. 

Another  chimpanzee  was  fed  with  one  milligramme  of  culture,  and  died  in  77  days  of  general 
tuberculosis. 


GENERAL  RESULTS. 
The  human  viruses  discussed  in  this  group  have  the  following  characteristics  : — 

1.  They  differ  somewhat  in  cultural  characters  from  the  viruses  of  bovine  tuberculosis 
and  the  human  viruses  virulent  for  bovines  and  rabbits,  being  generally  more  luxuriant  in 
growth,  and  becoming  pigmented  when  grown  on  potato. 

2.  When  inoculated  into  calves,  even  in  large  doses,  they  will  not  produce  the  genera- 
lised disease  that  the  bovine  bacillus  produces.  In  some  cases  only  local  disease  is 
produced  ;  in  others  the  disease  extends  to  the  nearest  of  the  lymphatic  glands  ;  and. in 
a  few  others  scattered  tubercles  were  found  in  the  lungs  and  a  few  internal  glands  of  the 
body.    From  subcutaneous  inoculation,  however,  no  death  has  resulted. 

3.  In  rabbits  only  a  local  disease  is  produced  in  the  majority  of  instances.  In  a  few 
cases,  however,  an  acute  form  of  a  generalised  disease  is  produced. 

4.  The  viruses  slightly  virulent  for  bovines  and  rabbits  produce  an  acute 
tuberculosis  and  death  of  the  animal,  both  by  feeding  and  inoculation,  in  monkeys  and 
in  the  chimpanzee. 

5.  The  disease  microscopically  in  monkeys  and  the  chimpanzee  is  the  same  as  that 
produced  by  the  viruses  virulent  to  calves  and  rabbits.  In  some  cases  the  lesions  first 
produced  in  rabbits  and  calves  are  like  those  produced  by  virulent  viruses,  although 
the  lesions  are  retrogressive  and  not  progressive. 

6.  The  experiments  with  pigs  are  incomplete.  In  dogs  these  viruses  behave  like 
the  bovine  viruses. 
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VIRUSES  OF  IRREGULAR  VIRULENCE  FOR  BOVINES  AND  RABBITS. 

(Column  III.  in  Table.) 

Two  viruses  of  those  investigated  come  under  this  class.  H.  53,  "  D.H.,"  was  a  case  of 
lupus  in  a  child,  and  the  scrapings  of  the  lesion  were  used  for  investigation. 

H.  49,  "  T.C."  Was  a  case  of  primary  abdominal  tuberculosis  in  a  child  in  which  the 
mesenteric  glands  were  enlarged  and  of  stony  hardness.  The  lungs  contained  numerous  hard 
grey  fibrous  tubercles  and  there  were  a  few  tubercles  in  the  bronchial  glands.  The  mesenteric 
gland  lesion  was  very  old  ;  that  of  the  lung  being  more  recent.  The  mesenteric  glands  and  lung 
were  used  for  investigation,  but  the  experiments  with  the  lung  failed,  the  guinea-pigs  dying 
of  an  accidental  injection. 

The  results  obtained  in  these  cases  will  be  considered  individually. 

Virus  H.  53,  (Lup  us) — Three  calves  received  subcutaneously  each  50  milligrammes  Bovines. 

of  a  culture  of  the  original  material  obtained  through  a  guinea-pig.    The  calves  were  killed  Inoculation, 
well  in  90  and  91  days.    Two  calves  showed  slight  tuberculosis  (D),  and  one  showed  a  more 
generalised  tuberculosis,  which,  however,  did  not  kill  the  animal  within  90  days. 

From  one  of  these  calves  (905)  a  culture  was  obtained,  and  when  injected  into  two  calves 
in  a  dose  of  50  milligrammes  produced  in  one  only  a  minimal  tuberculosis  (B)  in  103  days, 
and  in  the  other  a  more  generalised  disease  in  88  days.  Both  animals  were  killed  when 
quite  well. 

Two  calves  were  inoculated  each  with  doses  of  10  milligrammes  of  culture  obtained  from 
one  of  the  calves  (905).  They  were  both  killed  when  well  in  88  days.  One  showed  a  moderate 
degree  of  generalised  tuberculosis  ;  the  other  showed  slight  tuberculosis  (D). 

These  results  are  very  different  from  those  obtained  by  inoculation,  either  with  the 
bacillus  of  bovine  tuberculosis  or  with  the  virulent  viruses  obtained  from  cases  of  human 
tuberculosis  :  they  show  a  degree  of  virulence  higher  than  that  of  the  viruses  in  Column  II. 
of  Table. 

Ten  animals  were  injected  intraperitoneally  in  doses  of  10  milligrammes  (two),  1  Rabbits, 
milligramme  (four),  0-l  milligramme  (three),  0-01  milligrammes  (one).    They  all  died  in  from  Inoculation. 
14  to  74  days  with  acute  general  tuberculosis.     In  this  respect,  therefore,  the  virus  H.  53, 
''  D.H.,"  agrees  with  the  bovine  virus  and  with  the  virulent  viruses  of  human  origin. 

Virus  H.  49,  "  jT.C."  (Abdominal  Tuberculosis). — With  this  virus  two  calves  were  inoculated  Bovines. 
subcutaneously  with  50  milligrammes  of  culture  of  original  material,  two  months  old.  One  Inoculation, 
died  in  81  days  of  acute  generalised  tuberculosis  ;  one  was  killed  well  in  83  days,  and  showed 
only  slight  tuberculosis.  A  culture  obtained  from  the  latter  calf  was  injected  into  two  calves 
in  a  dose  of  50  milligrammes.  Both  calves  died  of  acute  generalised  tuberculosis  in  21  and 
39  days.  This  same  ciilture  produced  death  in  two  calves  from  general  tuberculosis  when 
given  in  10  milligrammes  doses.  The  culture  of  the  original  material  in  10  milligramme  doses 
produced  a  slighter  effect  than  this,  only  one  calf  dying.  There  was  therefore  some  increase 
of  virulence  after  passing  the  virus  through  one  calf.  Although  the  culture  of  the  original 
material  when  7  months  old  produced  generalised  tuberculosis  in  two  calves,  when  it  had 
been  grown  for  14  months  it  was  found  to  be  much  less  virulent  when  injected  into  one 
calf  (1,097)  in  a  dose  of  50  milligrammes.  The  culture  had  apparently  lost  virulence  by 
subculture. 

The  results  obtained  with  the  cultures  in  rabbits  show  the  same  irregularity  as  those  Rabbits, 
obtained  with  the  calves.  Inoculation. 

Cultures  of  the  original  material  of  different  ages  were  inoculated  as  follows  : — 

1.  Culture  Two  Months  old. — Four  rabbits,  in  doses  of  50, 10,  1  and  0'  1  milligrammes. 
All  died,  but  while  the  disease  was  severe  in  three  of  the  animals  it  was  only  slight  in  the 
one  injected  with  50  milligrammes.  The  amount  of  disease  in  the  last  animal  was  about 
the  same  as  that  observed  when  the  slightly  virulent  human  viruses  are  injected  into 
rabbits. 

2.  Culture  Seven  Months  old. — In  four  rabbits  ;  doses  of  10,  1, 1,  and  0*1  milligrammes  ; 
two  died  of  general  tuberculosis  ;  two  had  a  much  less  extensive  disease  at  death. 

3.  Culture  Nine  Months  old. — Three  rabbits  used  ;  doses  of  1,  1  and  0*1  milligramme. 
One  died  of  accidental  infection  (Psorospermosis),  the  other  two  showed  only  a  trace  of 
tuberculosis  when  killed  in  121  days. 

4.  Culture  Fourteen  Months  old. — Three  rabbits  used  ;  doses  of  10, 10  and  1  milligramme, 
When  killed  in  89  days,  only  slight  tuberculosis  was  seen. 
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A  culture  obtained  from  calf  (797)  inoculated  with  the  original  material  was  injected  when 
two  months  old  into  four  rabbits  in  doses  of  10,  1  •  1,  and  0  ■  1  milligrammes.  All  the  animals 
died  of  acute  generalised  tuberculosis. 

The  results  show  (a)  the  diminution  of  virulence  of  the  culture  obtained  from  the  original 
material  when  subcultured,  and  (b)  an  increase  of  virulence  for  both  calf  and  rabbit  when 
the  virus  was  passed  through  a  calf. 

These  viruses  therefore  must  be  considered  as  showing  an  irregular  virulence,  an  irregu- 
larity, indeed,  which  is  not  shown  by  the  bovine  viruses,  nor  by  the  virulent  viruses  of  human 
origin.  With  Virus  H.  49,  "  T.C.,"  there  is  evidence  not  only  of  the  loss  of  virulence  in  the 
original  culture  by  subculture,  but  an  increase  of  virulence  by  passing  the  virus  through  the 
calf.    Experiments  with  these  viruses  are  still  in  progress. 

INOCULATIONS  WITH  THE  VIRUSES  WHICH  WERE  AT  FIRST  SLIGHTLY 
VIRULENT  AND  SUBSEQUENTLY  BECAME  VIRULENT. 

(Column  IV.  in  Table.) 

These  are  H.  17,  "  Sp.  B."  (Sputum),  H.  13,  "  A.D."  (bronchial  gland  tuberculosis), 
H.  21,  "  S.B."  (bronchial  gland)  and  H.  16,  "  J.H."  (joint  tuberculosis).  These  will  be 
considered  individually. 

H.  17,  "  Sp.B."    (Sputum  feeding.) 

Sputum  was  used  for  feeding  four  calves,  one  for  91  days  and  the  remaining  three  for 
120  days. 

First  Calf. — The  first  calf  (161)  was  killed  in  125  days,  and  showed  only  minimal  calcareous 
esions  in  the  ileum,  in  the  pharyngeal  and  mesenteric  glands,  and  one  in  a  mediastinal  gland. 

An  emulsion  of  the  mesenteric  and  pharyngeal  glands  was  injected  into  two  calves  in  doses 
of  43,000  tubercle  bacilli.  These  were  killed  in  over  100  days.  One  showed  no  lesion,  and 
the  other  showed  D  only. 

The  passage  was  not  continued,  and  the  dose  of  tubercle  bacilli  given  was  too  small  to  decide 
on  the  virulence  of  the  virus  in  the  few  experiments  performed. 

A  culture  from  one  of  the  calves,  injected  subcutaneously  into  two  calves  in  50  milligramme 
doses,  produced  only  slight  tuberculosis.  It  must  be  concluded,  therefore,  that  at  this 
time,  at  any  rate,  the  virus  was  not  virulent. 

This  is  confirmed  by  the  inoculations  into  rabbits,  three  of  which  were  injected  with 
doses  respectively  of  10,  1,  and  0-1  milligrammes.    Only  slight  tuberculosis  was  produced. 

Second  Calf. — One  of  the  calves  (167),  fed  for  120  days,  showed  only  minimal  calcareous 
lesions  in  the  mesenteric  glands. 

By  means  of  the  emulsion  of  the  affected  glands  the  virus  was  passed  through  three  sets  of 
guinea-pigs. 

An  emulsion  of  the  guinea-pig  lesions,  injected  into  one  calf  in  a  dose  of  4  ■  16  million  sub- 
cutaneously, produced  only  a  small  local  lesion,  caseous  nodules  in  the  nearest  lymphatic 
glands,  and  one  in  a  bronchial  gland,  and  24  grey  tubercles  in  the  lungs. 

The  rabbits  inoculated  at  the  same  time  showed  only  slight  tuberculosis. 

From  the  calf  emulsions  were  inoculated  into  two  goats,  producing  much  the  same  con- 
dition as  was  found  in  the  calf  itself.    The  dose  in  the  goats  was  102  million. 
Rabbits  inoculated  with  the  same  virus  produced  only  slight  tuberculosis. 

Passage  carried  on  from  the  goats  into  two  other  goats,  in  doses  of  1  and  4  million  tubercle 
bacilli,  produced  only  minimal  lesions  of  tuberculosis. 

No  experiments  have  yet  been  done  with  a  culture  of  this  strain  obtained  from  Calf  391,  so 
that  as  far  as  the  passage  has  gone,  we  must  conclude  that  the  strain  is  not  virulent. 

Third  Calf. — Another  calf  (171)  showed  only  minimal  calcareous  lesions  in  tbe  mesenteric 
glands  after  the  feeding  with  sputum. 

Passed  on  in  a  calf  by  an  emulsion  subcutaneously  in  the  dose  of  76,000  T.B.,  D  only  was 
produced,  the  lesions  being  chiefly  calcareous. 

Passed  on  from  this  calf  to  another  calf  in  a  dose  of  400,000  T.B.,  only  B  was  produced, 
and  in  a  rabbit  only  slight  tuberculosis. 

This  passage,  therefore,  is  like  the  passage  in  the  first  calf  ;  that  is,  the  dose  given  was 
too  small  to  completely  tesb  the  virulence  of  the  strain,  although  the  slight  tuberculosis  pro- 
duced in  the  rabbit  would  suggest  that  it  was  only  slightly  virulent. 
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No  experiments  have  been  done  with  the  culture.  Calf  IV. 

Fourth  Calf. — The  fourth  animal  (169)  fed  with  sputum  is  the  one  from  which  a  prolonged  Passage 
series  of  passage  experiments  was  performed,  and  in  which  the  virus,  at  first  slightly  virulent,  ExPenment 
became  afterwards  highly  virulent. 

Starting  with  the  calf  fed  with  sputum  for  120  days,  the  lesions  produced  were  a  few 
minute  calcareous  foci  in  about  one-third  of  the  mesenteric  glands,  calcareous  nodules  in 
the  pharyngeal  glands,  and  many  small  tubercles  in  the  small  intestine. 

With  the  emulsion  from  these  slight  lesions  rabbits  inoculated  showed  only  slight  tuber-  First 
culosis.    These  were  not  used  for  passage,  but  guinea-pigs  inoculated  at  the  same  time  Passage: 
showed  general  tuberculosis,  and  from  these,  other  guinea-pigs  were  inoculated,  and  an  neous.^ 
emulsion  of  the  organs  of  these  was  passed  into  a  calf  (339)  subcutaneously,  the  dose  being  390  days. 
165"8  million  T.B.    The  calf  was  killed  in  69  day 3  ;   at  the  seat  of  inoculation  was  an 
ulcerated  mass,  and  there  was  caseation  of  the  prescapular  and  one  pectoral  gland,  but  no 
tuberculosis  in  the  internal  organs. 

An  emulsion  of  lesions  of  this  animal  was  passed  into  guinea-pigs,  so  that  the  passage 
up  to  the  present  point  consisted  of  the  original  animal,  from  which  the  strain  was  passed 
into  two  series  of  guinea-pigs  successively,  and  then  into  another  calf  in  a  large  dose,  and 
then  into  guinea-pigs. 

Up  to  this  point  the  strain  must  be  considered  only  slightly  virulent,  inasmuch  as  the  rabbits 
injected  with  the  emulsion  showed  only  slight  tuberculosis,  and  the  calf,  receiving  a  large 
dose,  showed  also  slight  tuberculosis. 

An   emulsion  of   the   guinea-pig  lesions   was   injected   into   two  rabbits,  producing  Second 

only  slight  tuberculosis,  and  intravenouslv  into  a  calf  (475)  in  a  dose  of  104  million.  Parage  : 

I  n  tr<i  vc  nous 

The  calf  was  killed  in  88  days,  and  had  progressing  tuberculosis  in  the  lungs,  which  showed  47s  days. 
nodules  and  softened  areas,  caseation  of  the  prescapular  glands,  tuberculous  iritis,  and 
tubercles  in  the  choroid. 

The  passage  had  now  lasted  478  days,  and  from  this  animal,  intravenously  inoculated, 
the  passage  was  continued  successively  and  intravenously  into  three  caives. 

The  first  calf  (539)  received  208  million  and  died  in  18  days,  showing  miliary  tuberculosis  xhird 
of  the  lungs.  Passage 

I  ntravenous 

Of  two  rabbits  inoculated  at  the  same  time,  one  developed  general  tuberculosis  (Rabbit 
181)  and  the  other  moderate  tuberculosis  (intravenous  injection).  This  effect  in  the  rabbit 
is  the  first  point  in  the  passage  in  which  the  increase  of  virulence  is  shown,  as  one  cannot 
accept  in  all  cases  the  results  of  intravenous  injection  in  bovines  as  a  test  of  virulence  of 
the  strain — this  is  better  gauged  by  subcutaneous  injection. 

The  culture  from  Rabbit  181  presents  distinctive  features  (see  p.  92.) 

The  next  calf  (529),  intravenously  injected  from  the  previous  intravenous  inoculation  Fourth 
received  1,021  million  T.B.    It  died  in  13  days  and  showed  a  progressing  tubercidosis  in  the  Passage : 
lungs  and  thoracic  glands.    The  two  rabbits  inoculated  at  the  same  time  both  developed  509™^™"* 
general  tuberculosis. 


The  next  calf  (553)  received  intravenously  99  million  T.B.    It  was  killed  when  dying  Fifth 
in  18  days.    This  was  a  smaller  dose  than  the  previous  animal  received,  but  it  produced  general  Passage  : 
miliary  tuberculosis.    The  two  rabbits  inoculated  at  the  same  time  developed  general  tuber-  -^y^ay"0"^ 
culosis  ;  the  increased  virulence  of  the  strain  for  rabbits  being  kept  up. 

The  passage  had  now  lasted  527  days. 

From  the  last  intravenous  injection  an  emulsion  of  the  thoracic  gland  was  injected  sub-  Sixth 
cutaneously  into  two  calves  (555)  (531),  and  intravenously  into  Calf  557,  and  also  into  two  intravenou 
rabbits.    Both  these  rabbits  died  of  general  tuberculosis.  586  days. 

Intravenous  Injection. — The  intravenous  animal  received  49  ■  9  million  T.B.,  and  died  .Seventh 
in  17  days  of  tuberculous  consolidation  of  the  lungs  and  tuberculosis  of  the  thoracic  glands.  Passage  : 
Passed  on  intravenously  into  another  calf  (571)  in  a  dose  of  10  million  T.B.,  the  animal  died  [ntra- 
in  26  days  with  general  tuberculosis.    Two  rabbits  were  inoculated  at  the  same  time  with 
5  million  T.B.  (210  and  211)  ;  they  died  of  general  tuberculosis. 

Looking  at  the  table  (Appendix  )  one  sees  that  there  are  six  animals  in  the  series  inocu- 
lated intravenously  and  that  the  last  animal,  which  received  the  smallest  dose,  showed  the 
greatest  amount  of  tuberculosis  ;  it  lived  the  longest. 


'6V 

Subcutaneous  Injection  (sixth  passage).  Returning  now  to  the  animals  subcutaneously 
inoculated  in  the  sixth  passage,  each  calf  received  150  million  T.B.  in  an  emulsion  of  thoracic 
glands.  They  were  both  killed  when  dying  in  58  and  59  days,  and  were  found  to  have  acute 
general  tuberculosis. 

The  passage  had  lasted,  up  to  this  event,  586  days. 
77.  M 
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Looking  at  the  whole  series  it  must  be  concluded  that  at  first,  that  is  down  to  Calf  475 
'(the  first  intravenous  injection,  and  second  bovine  passage)  the  strain  was  only  slightly 
virulent  for  rabbits  and  for  bovines.  At  this  period  the  passage  had  lasted  478  days.  After 
this  the  strain  produced  general  tuberculosis  in  rabbits,  the  smallest  dose  given  to  a  rabbit 
being  11  million,  and  the  largest  1,225  million.  At  this  time  (2nd  passage)  there  was  some 
increase  of  virulence  for  calves;  but  the  full  virulence  was  not  seen  till  later. 

Cultures  of  the  Passage. — We  may  now  consider  the  experiments  with  the  cultures  which 
were  obtained  from  this  virus  during  the  passage. 

A  culture  was  obtained  from  a  guinea-pig  (235)  when  the  passage  had  lasted  390  days, 
and  when  the  effect  of  the  virus  in  rabbits  and  in  one  calf  was  only  slight.  This  culture 
(Culture  First  Passage,  Grade  V.,  avirulent)  was  injected  into  two  calves  subcutaneously 
in  50  milligramme  doses.    It  produced  in  90  days  only  very  slight  tuberculosis  in  each  animal. 

Injected  into  rabbits  intraperitoneally  in  doses  of  50  milligrammes,  10  milligrammes,  and 
1  milligramme,  it  produced  only  slight  tuberculosis. 

It  may  be  concluded,  therefore,  that  at  this  stage  the  strain  was  only  slightly  virulent, 
both  for  bovines  and  for  rabbits. 

A  culture  was  obtained  from  a  rabbit  (181)  inoculated  at  the  same  time  as  the  third  in- 
travenous injection  (fourth  passage),  that  is  when  the  passage  had  lasted  509  days,  and 
was  classified  by  Dr.  Eastwood  as  belonging  to  Grade  4.  When  10  months  old,  the  culture 
was  injected  into  two  calves  in  the  dose  of  50  milligrammes,  and  into  three  rabbits  in  doses 
of  10  and  1  milligrammes.    It  produced  general  tuberculosis  in  all  the  animals. 

After  16  to  17  months  culture  (on  blood  serum),  the  culture  when  injected  into  2  rabbits 
in  a  dose  of  1  milligramme  produced  only  slight  tuberculosis,  just  like  the  slightly  virulent 
human  viruses. 

There  was  therefore  a  distinct  loss  of  virulence  in  a  culture  similar  to  the  loss  observed 
with  the  virus  previously  described  (p.  36),  H.  49  T.C.,  and  this  loss  of  virulence  occurred  in  a 
culture  obtained  at  a  period  of  the  passage  when  the  virus  was  becoming  virulent  for  calves. 

A  culture  obtained  from  the  last  intravenous  inoculation  (seventh  passage),  injected 
subcutaneously  into  two  calves  in  doses  of  50  milligrammes,  killed  the  animals  in  33  and 
37  days,  respectively,  with  general  tuberculosis. 

Injected  into  two  rabbits  in  doses  of  10  and  1  milligrammes,  both  animals  died  of  general 
tuberculosis. 

This  culture  is  unlike  the  two  previous  cultures.  It  belongs  to  Dr.  Eastwood's  Grade  I, 
and  may  therefore  be  called  "  Culture  Seventh  Passage,  Grade  I.,  Virulent." 

The  series  of  cultures  in  the  passage  are  : — 

Culture  Grade  V.,  avirulent,  from  the  first  bovine  passage  ; 

Culture  Grade  IV.,  irregular  virulence,  from  the  fourth  bovine  passage  ; 

Culture  Grade  I.,  virulent,  from  the  sixth  and  seventh  bovine  passages. 

From  the  inoculation  experiments  it  was  seen  that  the  strain  was  at  first  only  slightly 
virulent  for  calves  and  rabbits,  and  that  during  the  subsequent  passage  it  was  found 
virulent  for  both  these  animals. 

(2)  H  13,  "A.D."  (Bronchial  gland  Tuberculosis.) 

This  was  a  case  of  tuberculosis  occurring  in  a  child  four  years  of  age,  in  which  there  was 
tuberculosis  meningitis  and  general  tuberculosis,  in  the  form  chiefly  of  miliary  tuberculosis 
of  the  lungs  and  spleen.  The  bronchial  glands  contained  caseating  nodules.  The  intestines 
and  mesenteric  glands  were  normal.  It  may  be  considered  as  a  somewhat  familiar  form 
of  tuberculosis  in  children,  which  may  be  called  "  primary  bronchial  gland  tuberculosis,"  and 
which  ends  not  uncommonly  with  tuberculous  meningitis  and  general  miliary  tuberculosis. 

Experiment  I. — For  inoculation  an  emulsion  was  made  of  the  bronchial  glands  and  spleen, 
and  two  calves  were  injected  subcutaneously  with  16,000  T.B. 

One  calf  (119)  was  killed  in  67  days,  and  only  showed  a  minimal  tuberculosis. 

An  emulsion  of  these  lesions,  when  injected  into  another  calf  (225)  in  a  dose  of  3*4  million 
T.B.  produced  in  89  days  only  a  pea-sized  calcareous  local  lesion. 

This  is  a  minimal  result  in  both  calves.  No  rabbits  were  inoculated  and  no  cultures 
made,  so  that  no  further  comment  need  be  made  on  the  result,  except  that,  so  far  as  it  went, 
the  experiment  showed  the  strain  to  be  only  slightly  virulent.  It  is  particularly  to  be 
noted  that  a  dose  of  3-4  million  T.B.  produced  only  the  slightest  lesion  in  a  calf. 

Experiment  //.—The  second  calf  (129)  which  received  16,000  T.B.  of  an  emulsion  of  the 
,  original  material  of  the  virus,  showed  in  66  days  only  a  slight  local  lesion  and  some  caseo- 
■  calcareous  disease  of  the  neighbouring  glands. 
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An  emulsion  of  these  lesions  was  passed  on  into  three  series  of  guinea-pigs  successively,  First 
and  then  passed  (subcutaneously  and  intraperitoneally)  into  two  calves  (299,  301).    Each  Passage. 
calf  received  541  million  T.B. 

The  one  injected  intraperitoneally  was  killed  in  87  days,  and  showed  tuberculous  peritonitis' 
and  tuberculosis  of  the  thoracic  and  a  few  other  glands.  There  was  no  disease  of  the  internal 
organs. 

The  other  calf  (301),  injected  with  the  same  dose  subcutaneously,  was  killed  when  very 
ill  in  33  days,  and  showed  general  tuberculosis. 

A  rabbit  inoculated  at  the  same  time  as  C.  301  died  of  general  tuberculosis. 

A  culture  from  Calf  301  was  made  and  was  found  to  be  eugonic.  It  may  be  referred 
to  as  "  Culture  First  Passage,  Grade  IV.  ;  virulence  irregular."  The  culture  injected 
into  2  calves  in  a  dose  of  50  milligrammes  produced  in  one  general  tuberculosis, 
and  in  the  other  only  slight  disease.  In  rabbits  only  slight  disease  was  produced  in  one 
animal  (1  milligramme)  and  general  tuberculosis  in  two  others  (1  milligramme.)  The  culture 
therefore  showed  irregular  virulence. 

From  Calf  301  three  calves  were  inoculated  subcutaneously  with  an  emulsion  of  the  thoracic  First 
glands  ;  two  rabbits  and  two  rats.  Passage. 

Both  rabbits  died  of  general  tuberculosis,  and  from  one  of  the  rats  was  obtained  a  culture 
which  was  found  to  be  dysgonic,  and  may  be  called  "  Culture  Second  Passage,  Grade  I. 

Of  the  three  calves  inoculated  one  (315)  received  15,000  T.B.,  and  showed  in  70  days 
slightly  more  disease  than  the  calves  inoculated  with  an  emulsion  of  the  original  material, 
which  contained  about  the  same  number  of  bacilli. 

The  second  calf  (321),  inoculated  with  3 "5  million  T.B.  was  killed  when  very  ill  in  63  days, 
and  was  found  to  have  general  tuberculosis. 

The  third  calf  (325)  which  received  500  million  T.B.,  in  24  days  was  found  to  have  general 
tuberculosis. 

The  calf  (321)  which  received  3-5  million  T.B.,  was  comparable  with  the  calf  already 
mentioned  in  Experiment  I.  (225),  which  had  a  similar  dose,  and  developed  only  a  slight 
local  lesion. 

From  Calf  321  a  culture  was  obtained  which  belongs  to  Grade  I,  and  may  be  called  "Culture, 
Grade  I.,  Second  Bovine  Passage."  This  culture  killed  a  calf  in  a  dose  of  50  milligrammes, 
and  another  calf  in  a  dose  of  10  milligrammes ;  a  third  calf  with  a  dose  of  10  milligrammes- 
showed  slighter  disease  than  this  but  generalised.  Two  rabbits  receiving  1  milligramme 
died  of  general  tuberculosis. 

With  this  virus  the  Culture  First  Passage  was  eugonic,  and  is  to  be  classed  in  Grade  4 
(in  which  no  bovine  strains  occur)  and  showed  irregular  virulence,  and  the  cultures  obtained 
from  the  next  passage  were  dysgonic,  and  classed  in  Grade  1  and  were  virulent  for  calves 
and  rabbits. 


(3)  H  21,  "  G.B."   (Bronchial  gland  Tuberculosis.) 

The  lesions  used  in  this  strain  were  obtained  from  a  patient  sixteen  years  old,  who 
died  of  heart  disease  and  pericarditis  (not  tuberculous).  Tuberculous  bronchial 
glands  were  discovered  at  the  post-mortem  examination,  and  were  the  only  tuberculous 
lesions  present.  They  consisted  of  eight  or  ten  pigmented  and  congested  glands,  slightly 
enlarged,  which  showed  on  section  a  number  of  grey  foci,  containing  tubercle  bacilli.  The 
bronchial  glands  were  made  into  an  emulsion,  and  injected  into  animals. 

Two  rabbits,  each  of  which  received  15,000  T.B.  were  killed  in  97  days.    One  showed 
slight  tuberculosis,  and  the  other  showed  no  tuberculosis. 

One  calf  (285)  received  157,000  T.B.  subcutaneously.    It  was  killed  in  91  days,  and  no 
tuberculosis  found. 

The  other  calf  (279),  which  received  the  same  dose,  also  subcutaneously,  showed  a  small 
local  lesion  and  calcareous  nodules  in  the  prescapular  gland,  and  the  thoracic  and  one  hepatic 
gland  ;  three  tubercles  in  the  spleen. 

An  emulsion  of  these  lesions  was  passed  into  two  series  of  guinea-pigs  successively,  and  „ 
from  the  guinea-pigs  into  two  calves  (first  bovine  passage),  both  subcutaneously.    The  pa 
dose  given  was,  4,797  million,  and  both  animals  were  killed  in  111  days. 

One  showed  a  small  local  lesion  and  calcareous  grains  in  the  prescapular  gland. 

The  other  (447)  showed  a  fibrous  local  tumour,  caseous  foci  in  the  nearest  gland,  calcareous 
grains  in  the  thoracic  glands,  three  small  calcareous  tubercles  and  one  calcareous  nodule  in 
the  lungs  and  small  foci  in  one  popliteal  gland. 

In  both  these  cases  the  large  dose  of  tubercle  bacilli  produced  only  small  and  degen- 
erate lesions. 
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An  emulsion  of  the  prescapular  gland  of  the  last  calf,  injected  into  rabbits,  produced  only 
slight  tuberculosis,  and  in  guinea-pigs  general  tuberculosis. 

Cultures.— Cultures  were  obtained  from  the  calf  (thoracic  gland,  447),  from  one  rabbit 
(155),  and  from  one  guinea-pig  (417). 

From  the  calf  they  were  obtained  direct  from  the  posterior  thoracic  gland.  Both  rabbits 
were,  as  has  been  stated,  inoculated  from  the  prescapular  gland. 

The  culture  from  the  calf  was  eugonic,  and  in  a  dose  of  50  milligrammes  killed  a  calf  in  24 
days  of  general  tuberculosis.    General  tuberculosis  was  produced  in  rabbits. 

The  culture  from  the  guinea-pig  was  eugonic,  and  was  injected  into  two  calves  in  50  milli- 
gramme doses. 

One  animal  was  killed  in  90  days,  and  showed  general  tuberculosis.  The  other  died  in 
55  days  of  general  tuberculosis,  and  general  tuberculosis  was  also  produced  in  rabbits  with 
this  culture  in  doses  of  0-01  and  10  milligrammes.  The  culture  obtained  from  the  rabbit,  the 
source  of  which  was  the  prescapular  gland  of  the  calf,  has  been  found  only  slightly  virulent 
for  rabbits  ;  a  10  milligramme  dose  produced  only  slight  tuberculosis. 

Dr.  Cobbett  thinks  that  the  calcareous  nodule  in  the  lung  of  Calf  447  was  possibly  due  to 
a  case  of  spontaneous  (inhalation)  tuberculosis,  and  that  the  cultures  obtained  are  possibly 
mixed,  eugonic  and  dysgonic.  No  evidence  on  these  points  is  forthcoming  and  no  other  even 
•suspicious  case  of  spontaneous  tuberculosis  has  occurred  among  the  bovines  at  Blythwood 
Farm.  As  however,  some  doubt  might  rest  on  the  experiments  with  H.  21,  G.B.  it  will  be 
•excluded  from  discussion. 


(4)  H  16,  "J.H."  {Joint  Tuberculosis.) 

The  lesion  from  which  the  emulsion  was  obtained  was  from  a  case  of  chronic  synovitis  of 
the  knee  in  a  patient  thirty-eight  years  of  age.  The  material,  which  was  removed  by 
operation,  consisted  of  swollen  synovial  membrane  about  20  grammes  in  weight.  In  the 
cover-glass  preparations  of  the  emulsion  only  two  tubercle  bacilli  were  found. 

Experiment  /.—One  calf  (155)  was  inoculated  subcutaneously  with  an  emulsion  containing 
10,000  T.B.  It  was  killed  in  54  days,  and  only  a  small  local  lesion  was  found  with  slight 
affection  of  the  neighbouring  glands. 

An  emulsion  of  this  local  lesion  and  gland,  passed  subcutaneously  into  another  calf  in  the 
dose  of  713,000  T.B.,  showed  in  91  days  only  a  minimal  calcareous  lesion,  and  affection  of 
the  neighbouring  glands. 

The  experiment  ended  at  this  point,  and  nothing  further  need  be  said  about  it.  It  is 
not  conclusive  as  to  the  virulence  of  the  strain,  as  only  very  small  doses  were  used. 

Experiment  II. — Another  calf  (157)  received  the  same  dose  of  the  emulsion  of  the  original 
material  as  in  Experiment  I.  (10,000  T.B..  subcutaneously),  and  was  killed  in  67  days.  It 
showed  the  same  lesions  as  the  Calf  in  Experiment  I.,  with  the  exception  that  there  was 
one  calcareous  focus  in  the  right  bronchial  gland. 

An  emulsion  of  the  prescapular  gland  of  this  calf,  injected  into  another  calf  (187)  sub- 
cutaneously in  the  dose  of  3  million  T.B.,  produced  in  81  days  only  a  minimal  calcareous 
lesion. 

An  emulsion  of  the  local  lesion  and  gland  was  passed  into  another  calf  (273)  in  the  dose 
of  10 *9  million  T.B.  subcutaneously.  This  calf  was  killed  in  89  days,  and  besides  a  local 
lesion  and  disease  of  the  prescapular  gland,  it  showed  many  tuberculous  nodules  in  the  lungs, 
and  some  tuberculosis  of  the  liver  and  spleen,  thoracic  and  hepatic  glands,  and  one  parotid 
lymphatic  gland.  These  were  the  lesions  of  an  extending  tuberculosis,  and  were  unlike 
the  calcareous  foci  which  were  found  in  the  two  previous  calves. 

The  three  calves  already  mentioned  were  injected  with  an  increasing  dose  (10,000,  3  million, 
10  million). 

An  emulsion  of  the  prescapular  gland  of  the  second  passage  was  injected  into  one  rabbit 
(39),  which  died  of  general  tuberculosis,  and  into  two  calves  subcutaneously  in  doses  of  3 
million  T.B. 

One  calf  (355)  died  of  general  tuberculosis  in  43  days  ;  the  other  calf  (337)  was  killed 
in  80  days,  and  showed  a  generalised  progressing  disease,  not  so  acute  as  in  the  first  calf. 

This  third  bovine  passage,  in  which  general  tuberculosis  was  produced,  contrasts  with 
the  first  bovine  passage,  in  which  the  same  dose  produced  only  a  minimal  local  lesion. 

From  one  of  the  calves  (337)  of  this  passage  an  emulsion  of  the  prescapular  gland  was 
injected  into  four  calves  and  two  rabbits.    The  two  rabbits  died  of  general  tuberculosis. 

The  four  calves  received  doses  of  10,000,  712,000,  3  million,  and  10  million  T.B.,  doses 
previously  given  during  the  passage. 
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•  The  one  (371)  that  received  the  smallest  dose  was  killed  in  66  days,  and  showed  a  pro 
pressing  caseous  tuberculosis.    This  is  the  same  dose  of  bacilli  as  the  calf  injected  with 
■an  emulsion  of  the  original  material,  which  showed  slight  tuberculosis  only. 

The  other  three  calves  (343,  317,  281)  died  of  general  tuberculosis.  One  calf  (317)  received 
the  same  dose  as  the  calf  in  the  first  bovine  passage,  which  showed  only  a  minimal  lesion, 
and  another  (281)  received  the  same  dose  as  the  calf  in  the  second  bovine  passage,  and  showed 
general  tuberculosis,  while  the  other  (273)  showed  a  general  tuberculosis  not  so  acute.  The 
third  calf  (343)  received  the  same  dose  as  a  calf  in  Experiment  I.,  which  showed  minimal  lesions. 

From  the  rabbits  of  this  series  one  calf  (423a)  was  injected  subcutaneously  with  157  millon  Fifth  ^ 
T.B.    It  was  killed  very  ill  in  42  days,  and  showed  general  tuberculosis.  Subouu- 

An  adult  bovine  (245)  received  the  same  dose  subcutaneously.    It  was  killed  in  209  days,  neous- 
and  showed  extensive  and  active  tuberculosis. 

The  cultures  which  were  obtained  from  this  strain  during  the  passage  are  as  follows  : —    Cultures  of 

Original  Material. — Two  cultures  were  obtained  from  animals  inoculated  with  the  original 
material,  one  from  a  guinea-pig  and  one  from  a  calf  (157).  Both  these  cultures  belong  to  Dr. 
Eastwood's  Grade  V.    Grade  V.  contains  no  bovine  strains. 

A  culture  from  the  guinea-pig  was  injected  into  two  calves,  each  of  which  received  a  dose 
•of  50  milligrammes.  They  were  killed  in  90  days,  and  showed  slight  tuberculosis. 
Injected  into  rabbits  in  doses  of  10,  1,  and  0.1  milligrammes  only  slight  tuberculosis  was 
produced. 

The  culture  from  the  original  material  must  therefore  be  considered  as  only  slightly  virulent 
for  calves  and  rabbits  in  the  doses  used.  This  culture  may  be  referred  to  as  "  Culture, 
of  original  material,  Grade  V.,  avirulent." 

Second  Passage. — The  next  culture  was  obtained  from  the  second  bovine  passage  (C.  273) 
and  is  also  to  be  classed  in  Grade  V. 

Injected  into  two  calves  in  doses  of  50  milligrammes  in  90  days  only  slight  tuberculosis  was 
produced.  Injected  into  rabbits  in  doses  of  10,  1,  and  0'1  milligrammes  only  slight  tuber- 
culosis resulted. 

The  calf  (273)  from  which  this  culture  was  obtained  showed  spreading  but  not  acute  tuber- 
culosis.   This  culture  may  be  called  "Culture  second  bovine  passage,  Grade  V.,  avirulent." 

Third  Passage. — The  next  culture  was  obtained  from  the  third  bovine  passage  (Calf  337.) 
It  is  classified  in  Grade  III. 

Injected  into  two  calves  in  doses  of  50  milligrammes,  general  tuberculosis  was  produced. 
'  Injected  into  rabbits  in  doses  of  10,1,  and  0.1  milligrammes,  five  animals  in  all,  it  produced 
general  tuberculosis. 

This  culture  may  be  called  "Culture,  third  bovine  passage,  Grade  III.,  moderately  virulent." 

Fourth  Passage. — A  culture  from  this  passage  (Calf  317)  produced  general  tuberculosis  in 
calves  and  rabbits.  It  is  dysgonic,  and  may  be  called  "Culture,  fourth  bovine  passage, 
virulent."  This  culture  has  not  lost  its  virulence,  although  subcultured  for  a  long  period 
both  on  serum  and  serum  glycerine. 

Fifth  Passage. — The  fifth  culture  was  obtained  from  the  fifth  bovine  passage,  and  is  classi- 
fied in  Grade  1,  being  typically  dysgonic. 

Injected  into  each  of  two  calves  in  doses  of  50  milligrammes  it  caused  death  in  25  and 
39  days  with  general  tuberculosis.  Injected  into  rabbits  in  doses  of  10,  1,  and  0'1  milli- 
grammes, it  produced  general  tuberculosis  in  all  the  animals. 

This  culture  may  be  called  "  Culture,  fifth  bovine  passage,  Grade  1,  virulent." 

The  series  of  cultures  obtained  from  the  animals  during  the  passage  in  the  three  strains 
are  shown  in  the.  following  table  : — 


H.  17,  "Sp.  B." 

H.  13,  "AD." 

H.  lfi,  "  J.H." 

Culture  from  Original  Material 

Grade  V.,  avirulent. 

Culture  from  First  Bovine  Passage  - 

Grade  V.,  avirulent 

Grade  IV.,  virulence 
irregular. 

Culture  from  Second  Bovine  Passage 

Grade  I.,  virulent 

Grade  V.,  avirulent 

Culture  from  Third  Bovine  Passage 

Grade  III.,  virulent. 

Culture  from  Fourth  Bovine  Passage 

Grade  IV.,  virulence 
irregular. 

Dysgonic,  virulent. 

Culture  from  Fifth  Bovine  Passage 

Grade  I.,  virulent. 

Culture  from  Sixth  Bovine  Passage 

Grade  I.,  virulent 

Culture    from    Seventh  P>ovine 
Passage. 

Grade  I.,  virulent 
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This  table  shows  clearly,  more  particularly  in  the  case  of  prolonged  passage  of  H.  IT, 
Sp.  B.  and  H.  16,  J.H.,  that  during  the  passage  the  culture  obtained  from  the  lesion  produced' 
is  at  first  luxuriant  in  its  growth  and  avirulent  and  that  later  in  the  passage  the  culture- 
obtained  grows  less  luxuriantly  and  is  virulent ;  passing  from  the  type  of  bacillus,  slightly 
virulent  and  eugonic,  which  is  obtained  from  many  lesions  in  the  human  subject  to  the 
dysgonic  virulent  type  which  is  obtained  from  tuberculous  lesions  in  bovines.  The  trans- 
formation in  the  case  of  these  two  viruses  was  slow  :  it  was  more  rapid  in  the  case  of  H.  13 
"  A.D.",  and  still  more  rapid  in  the  case  of  a  virus  already  discussed,  H.  49,  "T.C."  (p.  89.) 

The  results  with  the  three  strains  just  considered  may  be  compared  with  other  cases  of 
passage,  which  have  been  maintained  by  tissue  emulsions  of  slightly  virulent  strains.  The 
results  are  shown  in  the  following  Table  : — 


Strain. 

No.  of  Bovine 
Passages. 

Duration  in  Days. 

Result. 

Pulmonary  Tuberculosis : — 

H.  l,  "  CM." 

3 

344 

Minimal  lesions. 

H.  22,  "  F.W." 
H.  23,  "  J.P." 
H.  25,  "  A.T." 

4 
2 

(twice  over) 
1 

240 
143 
127 

(See  results  of  intravenous 

injection,  p.  21.) 
Original  material  caused  slight 

generalisation  of  disease. 
Some  extension  of  disease  in 

first  passage. 

Mi esenteric  Glands  : — 

.  H.  8,  "  S.'C."  - 
H.  12,  "  H.N."  - 
11.  18,  "T.T."  - 

6 
4 
3 

222 
356 
306 

Intravenous.  (First  and  third 
passage)  caused  lesions. 

Small  extension  of  disease, 
third  passage. 

Small  extension  of  disease, 
second  passage. 

Joints  : — 

H.  11,  "E.D."  - 

4 

408 

Minimal  lesions. 

H.  15,  "  I.W."  - 

4 

231 

Caseous  tubercle.  (Second 
passage.) 

These  experiments  do  not  show  the  increase  of  virulence  by  passage  observed  in  the  cases 
previously  considered. 

The  interpretation  to  be  placed  on  these  passage  experiments,  in  which  increase  of  virulence  ■ 
is  shown,  is  of  very  great  importance. 

(a)  One  view  which  may  be  stated  is  that  the  slightly  virulent  bacillus  of  the  human 
lesion,  by  its  passage  through  bovines,  has  lost  its  eugonic  character  of  growth,  and  has  be- 
come dysgonic  and  virulent.  This  view  would  necessitate  the  supposition  that  the  eugonic 
slightly  virulent  human  bacillus  has  been  transformed  by  passage  in  the  bovine  into  a  virulent 
bacillus  indistinguishable  from  that  obtained  from  bovine  lesions. 

(b)  Another  view,  however,  must  be  considered,  and  it  is  this.  It  might  be  supposed - 
that  the  original  lesion  in  the  human  being  was  produced  by  the  human  bacillus,  but  that 
this  lesion  also  contained  the  bovine  bacillus,  either  as  a  "  harmless  lodger  "or  as 
an  "  active  partner."  In  any  case  the  emulsion  of  the  original  material  which  is  injected 
into  the  calf  might  be  supposed  to  contain  two  kinds  of  bacilli,  the  human  and  the  bovine,  the 
former  bacillus  being  in  excess. 

The  argument  may  be  illustrated  by  taking  Virus  IT.  16,  "  J.H."  as  an  example. 
The  two  kinds  of  bacilli,  injected  with  the  original  material  into  the  first  calf,  would  produce  a 
minimal  lesion,  the  eugonic  bacillus  being  in  excess.  The  culture  obtained  from  this  lesior 
contains  the  eugonic  human  bacillus  still  in  a  large  preponderance  over  the  bovine  bacilli,  and 
when  injected  in  the  first  bovine  passage  would  still  produce  a  minimal  lesion.  Injected  (by 
culture)  into  a  calf  at  the  second  bovine  passage  a  greater  degree  of  tuberculosis  is  produced, 
because  the  eugonic  bacilli  are  dying  out,  and  the  bovine  bacilli  are  becoming  more  numerous, 
as  they  have  a  suitable  soil.  Still  the  culture  contains  a  preponderance  of  the  eugonic 
bacilli,  and  is  classified  in  Grade  V.  In  the  third  bovine  passage  the  same  is  occurring,  with 
still  further  loss  of  the  eugonic  bacilli,  so  that  now  the  dysgonic  bovine  bacilli  are  chiefly 
present,  and  the  disease  produced  is  a  generalised  tuberculosis.  This  is  still  more  marked . 
m  the  fourth  and  fifth  bovine  passage,  in  which  the  eugonic  bacilli  -have  completely 
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disappeared,  and  the  culture  produced  belongs  to  Grade  1,  and  is  what  may  be  considered 
as  a  typically  bovine  bacillus.  In  both  these  passages  the  result  is  a  general  tuberculosis 
from  the  inoculation  of  the  bacilli  in  the  doses  given. 

The  result  in  the  rabbits  follow  closely  the  results  in  the  calves  as  regards  the  virulence 
•of  the  bacilli. 

Experiments  are  still  being  conducted  to  determine  which  of  these  views  is  correct. 
The  questions  involved  in  this  discussion  are  : — 

1.  As  to  whether  the  bovine  bacillus  is  a  completely  distinct  micro-organism  from 
the  tubercle  bacillus  producing  the  human  lesions,  in  the  sense  that  the  bovine  bacillus 
which  produces  bovine  tuberculosis,  does  not  produce  human  tuberculosis  in  the  human 
being,  and  that  the  human  bacillus,  which  produces  human  tuberculosis,  does  not  pro- 
duce bovine  tuberculosis  in  the  bovine. 

2.  The  bovine  bacillus  might  conceivably  be  found  in  tuberculous  lesions  in  the  human 
being,  having  been  accidentally  introduced,  but  it  does  no  material  harm.  An  emulsion 
•  or  even  a  culture,  from  any  human  tuberculous  lesion,  might  contain  both  kinds  of  bacilli. 

GENERAL  SUMMARY  OF  RESULTS. 

1.  Bovine  Tuberculosis. 

(Thirty  strains  examined.) 

The  bacillus  of  bovine  tuberculosis  has  been  shown  by  the  experiments  to  have  certain 
■characteristics  as  follows  : — 

«.  It  shows  some  variations  in  its  growth  on  artificial  media  and  according  to  these 
variations  can  be  arranged  into  three  groups  or  grades  (I.,  II.,  III.) 

/3.  When  inoculated  into  bovines,  rabbits,  guinea-pigs,  pigs,  goats,  monkeys  and  the 
chimpanzee  in  appropriate  doses  it  produces  death  by  generalised  tuberculosis. 

y.  It  shows  stability  as  regards  its  cultural  characters,  both  when  subcultured  and 
when  passed  through  animals.  Whether  these  characters  can  be  altered  by  prolonged 
passage  in  certain  animals  is  still  the  subject  of  experiment  and  cannot  now  be  answered. 

o.  It  shows  great  stability  in  virulence  both  after  long  subcultivation  and  after  passing 
through  animals. 

2.  Human  Txiberculosis. 
(Sixty  cases  examined.) 

The  bacilli  of  human  tuberculosis  show  a  greater  variety  than  those  of  bovine  tuberculosis. 

Group  I. 

(Fourteen  cases  examined.) 

n.  The  bacilli  obtained  from  the  virus  of  human  beings  in  this  group  have  all  the  characters 
-of  the  bacillus  of  bovine  tuberculosis  as  regards  cultural  characters,  virulence  for  the  animals 
previously  mentioned,  and  stability  of  cultural  characters  and  of  virulence. 

The  bacillus  of  tins  Group  is  identical  with  the  bacillus  of  bovine  tuberculosis. 

/3.  The  bacillus  of  these  cases  was  a  single  bacillus — -there  was  no  evidence  of  a  "  mixture  " 
of  different  kinds  of  bacilli. 

y .  The  bacillus  was  the  cause  of  death  of  the  individuals  from  which  it  was  obtained.  This  is 
more  particularly  shown  by  the  study  of  Viruses  H.  32  "  Y.W.,"  H.  59  "  L.  B.  "  and  H.  04 
"  M.G.  "  in  which  general  tuberculosis  was  the  cause  of  death  of  the  child.  The  disease  started 
as  abdominal  tuberculosis,  but  became  generalised.  Culture  not  only  from  the  mesenteric 
glands,  but  also  from  the  bronchial  glands  and  lungs  and  meninges  had  the  characteristics 
of  the  bovine  bacillus  in  cultivation  and  in  virulence.  No  mixture  of  bacilli  was  here  present. 
The  children  died  of  an  infection  by  the  bacillus  of  bovine  tuberculosis. 

This  Group  includes  three  cases  of  cervical  gland  tuberculosis  and  eleven  cases  of 
abdominal  tuberculosis. 

Group  II. 

(Forty  cases  examined.) 

The  bacilli  obtained  from  the  virus  of  human  tuberculosis  in  this  group  differs  from  the 
bacillus  of  bovine  tuberculosis  in  the  following  points  : 

u.  In  culture  they  are  more  luxuriant  and  are  distinguished  as  referable  to  Groups 
IV.  and  V. 

/3  When  inoculated  into  calves  and  rabbits  they  do  not  produce  the  generalised  and 
fatal  disease  caused  by  the  bovine  bacillus. 

The  result  of  inoculation  is  not  a  negative  one,  but  varies  within  certain  limits  with 
different  viruses,  and  in  rabbits  the  viruses  occasionally  kill  the  animal  by  producing  a 
.generalised  disease. 
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They  agree  with  the  characteristics  of  the  bovine  bacillus  in.  the  following  points  i 

a.  They  produce  general  tuberculosis  in  monkeys  and  the  chimpanzee. 

j3.  The  lesions  produced  in  these  animals  are  the  same  anatomically  as  those  produced 
by  the  bovine  bacillus. 

y.  The  lesions  produced  in  calves  and  rabbits  are  histologicahy tuberculosis,  although 
usually  they  show  retrogression. 


This  group  includes  : — 

Sputum  Culture   2  cases. 

Pulmonary  Tuberculosis  -       -       -      -      -      -      -       -  10  ,, 

General  „  -      -  I  . 

Bronchial  Gland    ,,       -       -      -       -      -       .       .       -  2  ,, 

Cervical  Gland     „  -  6  „ 

Abdominal  ,,       -       -       -       -       -  -       -  •  8  ,, 

Joint  „       --------  9  ); 

Testicle  .  „       -      -      -      -      -      -      -      -  1  ,, 

Kidney  .„       -   1„ 


The  experiments  show,  however,  that  this  division  into  two  groups  of  the  bacilli  found  im 
human  tuberculosis  is  not  the  whole  question. 

Group  III. 
(Six  cases  examined). 

The  investigation  of  two  viruses,  H.  53,  "  D.H."  and  H.  49,  "  T.C."  (p..  89)  shows  that 
bacilli  are  obtainable  from  cases  of  human  tuberculosis  which  belong  to  neither  group.  The 
bacilli  from  the  two  viruses  mentioned  showed  an  irregular  virulence  in  calves  and  rabbits, 
and  one  of  them,  H.  49,"  T.C"  showed  also  (1 )  that  the  culture  of  the  original  material  lost  its 
virulence  after  prolonged  subcultivation  and  (2)  that  the  original  virus  although  irregularly 
virulent  for  calves  became  highly  and  uniformly  virulent  after  being  passed  through  a  calf. 
The  culture  of  H.  49,  "  T.C."  obtained  from  the  original  material  has  in  cultivation  the 
characters  of  the  bacillus  of  bovine  tuberculosis,  belonging  to  Grade  II.  There  was  ro 
evidence  of  mixture  in  the  case  of  either  viruses. 

The  results  of  the  examination  of  the  bacilli  in  the  case  of  these  two  viruses  points  to 
the  conclusion  that  the  bacilli  were  bovine  in  origin  and  had  been  altered  by  residence  in  the 
human  being. 

As  bearing  intimately  on  this  matter,  the  question  of  the  transformation  of  the  human 
bacillus  into  the  bovine  as  shown  in  the  experiments  previously  discussed  (p.  90)  must  be- 
mentioned. 

When  by  passage  through  calves,  the  slightly  virulent  bacillus  of  human  tuberculosis 
becomes  apparently  modified  into  the  bovine  bacillus,  it  was  suggested  that  it  was  not  a  real 
modification,  but  that  the  original  virus  was  a  mixture  of  bacilli,  and  that  during  the  passage 
the  bovine  bacillus  alone  survived.  But  in  these  passage  experiments  there  is  evidence  that 
at  the  time  when  the  virus  is  becoming  virulent,  the  bacilli  separated  by  culture  are  "  un- 
stable "  in  virulence  for  calves  and  rabbits  ;  an  instability  similar  to  that  of  the  original  virus 
ofH.  49,  "T.C." 

The  consideration  of  these  cases  tends  to  bridge  the  gap  between  the  bacilli  of  Group  I. 
(bovine  bacilli)  and  those  of  Group  II.,  which  they  suggest  may  only  be  a  form  of  bovine 
bacillus,  degraded  as  regards  virulence  for  calves  and  rabbits,  by  long  residence  in  the  human, 
body. 

Sidney  Martin.. 
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